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SYNOPSIS 

The present work deals with the evaluation of stratenies 
for the manaoement of a Regional Blood Centre. The two stratecies 
considered are referred as Single Cross Matching (SCM) and Double 
Cross Matching (DCM) . In single cross matching only one unit 
(a bottle of blood) is reserved against each unit requested by 
the patient while in double cross matching an attempt is made 
to reserve two units in the name of one patient for each unit's 
reservation request by him. Actually only two units are reserved 
for two reservation requests by different patients, but the 
units reserved in their names are paired such that each paired 
unit IS reserved in the name of both the patient and in the event 
of call for the unit by them older of the two units are issued 
first irrespective of their reservation. For each paired unit 
the patients are referred as primary and secondary patients. The 
unit for which reservation request is received from a patient 
IS referred as primary patient and the other paired patient as 
secondary patient. The primary pauient for a unit is the 
secondary patient of the other unit of doubly cross matched pair. 

A simulation model was developed for the above stated 
strategies. The performances of the two strategies were studied 
considering various criteria viz., blood utilization efficiency, 
shortage and wastage reduction. Computer pack aces were developed 



VI 


for the Simulation model considering 1 day and 3 days of holdina 
periods for reservation. Results for forty eioht simulation 
runs were obtained and^^ -analyzed. The input data was generated 
within the desired limit of the parameters. In the case of double 
cross matching the effect of pair minimum age difference on the 
criteria was also studied, 

A case study was developed based on the data obtained 
from Red Cross Unit, Poona and Sasson Govt, Hospital, Poona. 

Since the data was not complete for simulation analysis the 
other desired data v/ere generated in a manner similar to 
generated data case. The results based on the case study for 
both the strategies were critically analyzed. 

On the basis of generated data and ^ case study, results 
indicated that in most of the cases the performance of double 
cross matchinn strategy is^superior to single cross matching 
in terms of lower shortage and hioher percentage utilizatnn 
efficiency. The case study indcated^ better performance of 
single cross matching strategy in terms of blood wastage. 

Based on the stu<^ , the adoption of double cross 
matching strategy has been recommended for Regional Blood 
Centre dealing with large number of units. 



CHAPTER 1 


INTRODUCTION 


The industrial revolution lead the people to realise the 
importance of technology and latter the Theory of Scientific 
Management by Taylor added significant effect not only on the 
industrial scene but also on the social and human welfare 
fields, because ultimately a significant interaction exists 
between them. Although the Taylor theory was confined to 
cost reduction or profit maximization but its effect was so 
great that it changed the basic outlook towards any venture 
whether industrial or social. 

The present work is mainly concerned with human welfare 
problem. It deals with policy formulation for regional blood 
centres with a viev/ to reduce the blood X'^astage and shortages. 
Unlike other commodities the management of blood inventory and 
Its distribution has to be considered in a different way due to 
Its ethical and valuable significance. 

1.1 CHARACTERISTICS OF BLOOD FOR TRANSFUSION: 

Some of the important characteristics of blood inventory 

are : 

(i) Human blood is the most vital commodity for human beings. 
It saves the very existence of the human beings in emergent 


situations . 



2. Blood IS a perishable commodity. Its widely accepted 
life for transfusion purposes is only 21 days. 

3. The blood before transfusion is to be properly matched 

as only similar group of blood can be transfused to a particular 
human being. 

1.2 EXISTING PIt^-.CTICES AND PROBLEMS. 

There are numerous practices being followed all over 
the world with regard to the blood inventory and its distribution. 
In India / the following practices are being most commonly used by 
the blood centres. 

i) The blood is procured from voluntary donors and relatives 

of needy patients. 

II ) The blood is stored in bottles of 450 ml. capacity in 
cool and dark place (usually at 4°C). 

III) Once the blood is procured it is checked for its group 
(A, B^O,AB) and Rh-f actor (positive or negative) and these 
information are labelled on the bottle. 

iv ) On getting a request from patients, the blood is issued 
from the stock, if matching blood is available, othervjise refused. 

v) The system of reservation and call with holding periods 

is not used generally , which leads to uncertainity for availability 
of blood for transfusion purposes. 

VI ) Once the blood is issued, it is not returned to the 
blood centre in any case even if it is not used and still has 
some useful life for transfusion, which otherwise could have 
been issued to other patients. 



1,3 MOTIVATION AND DOMAIN OF PRESENT WORK: 

During Tclic ijCiSc one deca5o number of publications 
have appeared in the literature on blood inventory management 
and distribution. In the literature two distinct approaches 
have been suggested. These referred as Single Cross 

Matching (SCM) and Double Cross Matching (DCM) have been 
suggested. However no serious efforts seem to have been made 
to evaluate the relative performance of these rwo approaches. 

In this thesis, therefore, an attempt is made to study 
the relative performances of single and double cross matching 
strategies for regional blood centres. The various criteria 
considered for evaluation include measures like shortage, 
wastage and utilization of the procured blood. The complete 
details of single cross matching and double cross matching 
strategies have been presented in Chapter 3. 

The mathematical modelling of the above mentioned two 
strategies is very complex and as such simulation approach has 
been developed for the evaluetion of the two strategies. The 
relevant information have b^exT generated using uniform random 
distributions with in suitable limits (details presented in 
Chapter 3) keeping in view the computer memory constraints. 
The actual data has else been procured from Red Cross unit, 
Poona and Sasson Govt. Hospital, Poona, The data ■^"llected 
could not give all the needed information for the simulation 
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model. All the collected information was utilized and other 
necessary information has been generated suitably. 

1.4 ORGANIZATION OF THESIS: 

In Chapter 2 , the literature on the blood inventory 
covering its various aspects, viz., management control, 
issuing policies, computerized information system and opera- 
tional policies, have been briefly reviewed. 

In Chapter 3, a formal statement of the problem is 
presented and the single cross matching and double cross 
matching strategies have been described. Further, the various 
assumptions underlying the development of simulation model and 
the detailed description of the subsystems of the model is 
given. 

In Chapter 4, the simulation results have been tabulated 
for the generated data as v^ell as the case stu<^ . Results 
have been discussed and analyzed to evolve suitable strategy 
for the management of regional blood centres. Further a few 
suggestions have been made for the future work in this area. 



CHAPTER 2 


LI'^ERA'URE REVIEW 

The first me them? tic al model for scientific inventory 
manaoement was developed by Harris in 1915 and since then 

large number of contributions have appeared in the literature 
on inventory management. Most of these papers deal with 
industrial products and relatively very little has been 
published in the area of Blood Inventory Management. In this 
chapter, we shall reviev/ some of the important contributions 
in this area. 

( 2 ) 

Chazan and Gal have analyzed the outdating rate and 
age distribution of blood. They assumed that after each period' 
demand the inventory is replenished with fresh unit upto a cons - 
tant level and the age distribution has been treated as a 
Finite Markov Chain. They obtained the lower and upper bounds 
for the expected outdating in the case of general demand distri- 
bution. The authors have also pointed out that better and 
easily computable bounds can be found for the Poisson demand 


case 
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in his paper pointed out that policy decision 
should be one which balances the conflicting stock require- 
ments of maintaining a high availability and also low outdatino 
rates. Markovian structure was used for the development of 
the mathematical model and effects of the key variables vjere 
studied and found to be interrelated. For the sake of 
simplicity. Mole has carried out the analysis on weekly basis 
rather than the usual daily basis. 

Brodheim et al.^^^ have also modelled the distribution 
policies for scheduled deliverance of perishable products 
subject to variable demand using Markov Chain with a manageable 
number of states. Using stationary distribution measures like 
probability of shortage, the average age of inventory and the 
average number of discarded blood bottles per time period were 
obtained. Easily computable bounds on these measures were 
developed x\?hich indicated as to how the measures nentioned 
above behave as a function of demand and inventory policy 
parameters. 

( 12 ) 

Pegels and Jelmert have studied the various human 
blood issuing policies on the basis of theoretical model using 
mainly the theory of absorbing Markov chains. They observed 
that the issuing policies affect the average inventory level, 
which in turn determine the shortage probabilities and the 
average age of the blood at the time it is being transfused. 
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Modified LIFO (which is issue fresher blood with higher 
probability than older blood) and modified FIFO along with LIFO 
and FIFO policies were considered for comple te evaluation of 
the policies, so that a choice can be made on the basis of 
evaluation . 

Pierskalla and Roach ^ have considered the various 
issuing policies under several possible objective functions. 

The blood inventory is grouped into categories according to 
shelf age. Whenever demand occurs for a particular category, 
the demand is satisfied either from the inventory units in 
that category or any younger category. It is shown that for 
most of the objective functions considered by the authors, the 
optimal policy is to issue the oldest unit first (FIFO) which 
will satisfy the demand. 

Gumming et al.^^^ have suggested a planning model for 
Regional Blood Suppliers in alleviating seasonal imbalances 
between supply and demand of blood. Various performance 
measures for a blood supply region were tested on a Markovian 
population model through graphs for a planning period varying 
between 3 “• 12 months. The planning model iteratively develops 
improved collection plans. The authors claim that the iterative 
planning model is sufficiently accurate and highly effective for 
Its cost. The model has been implemented by two regional blood 
suppliers using remote computer control. Basically this paper 
deals with the development of blood procurement policy. 
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( 1 ) 

Frankfurter et al. have suggested a methodology for 
the design^ development, implementation and operation of short 
term blood inventory level forecast system, which helps the 
blood centre management in taking corrective action to either 
reduce or increase the blood collections. 

Leibman^^*^^ has developed a computer oriented Management 
Information System for blood inventory. The information system 
generates routine management reports on outdated blood, blood 
two days from outdating, available supplies and blood require- 
ments. The author claims that the use of his inventory 
information system resulted in reduced averane amount of blood 
assigned but not subsequently used. 

( 9 ) 

Jennings points out the inventory control problem of 
blood bank is extremely complex mnature and involves four 
main functions of procurement, store, process and supply. The 
complexity of the problem has been attributed to the following 
four reasons. 

(i) Both supply and procurement are random. 

% 

(ii) Approximately 50 percent of the blood demanded, cross- 
matched and held for a particular patient are eventually found 
not to be required for that patient. 

(ill) Blood is a perishable item with a legal life of 21 days, 
(iv) Each blood centre interacts typically with a number of 
hospitals. 



The author has developed models for the management of 


blood inventory on regional basis. Further alternative 
inventory policies have been analysed. 

Dumas and Rabinowitz ^ ^ ^ have given new operational 
policies for reducing v/astage (due to blood exceeding its 
transfusable age limit) without adversely affecting shortages 
(stock outs). They have further suggested the policy of 
DOUBLE CROSS MATCHING. This policy tests the same unit of 
blood for compatibility with two potential recipients (so that 
It IS available for use by either) and also insures that blood 
is available for both. Further they have suggested another 
policy of using Rh-negative blood for Rh-=positive patients 
under certain blood age conditions when medically feasible. 

The simultaneous use of both policies were also investigated. 

The performance of these policies were measured by wastage 
cost effectiveness over a range of demand levels. The operationr 
procedures for using these policies have also been discussed. 

( 1 "' ) 

Peg els and Wallace have su''gested a computerized 
instant access information system- The system considers 21 days 
life of human blood for useful transfusion. Important component! 
of the information system are : 

(i) an inventory system whi'^h keeps track of each individual 
unit of blood with its age and flags when it is due to outdate. 
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(li) a short term inventory level forecasting system which 
forecasts the system inventory level on a daily basis for the 
next two weeks on the basis of current inventory, forecasted 
demand and forecasted supply. 

(lii) an allocation model which allocates the blood in such a 
way that shortages and transportation cost are minimized. 
Further operating results have been given for the system. 

( 8 ) 

Frankfurter et al . have developed a computerized 
blood inventory system for a set of affiliated hospitals. 

Daily information regarding blood bottle code number, blood 
type, expiry date, date of procurement by the hospital, number 
of bottles in stocks are daily recorded and updated on the 
computer. Affiliated hospitals contact the computer system 
directly to acquire their inventory reports. These reports 
include variety of summary statistics to assist the hospitals 
in better planning and control of blood. 

( 14 ) 

Pegels et al . have evolved a planning system which 

utilizes conversational computer facilities to assist the 
manager of a regional or comiriunity wide blood agency in 
scheduling blood mobiles and fixed facility collections from 
one to eighteen months in advance. 

Further the above authors along with Shubsda have 
examined the following four policies for their effect on 
shortage, efficiency etc., using a computer-based planning 
system. 
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(i) Use of frozen red cells: technological alternative. 

(ii) Extension of useful life of blood: legal alternative, 
(ill) Improved collection planning: planning alternative. 

(iv) Improved inventory management; management alternative. 

The comparative perfoinnance of each policy with respect 
to the principal objectives have been discussed in detail in 
reference^ . 

Cohen and Pierskalla have developed a system model using 
the techniqjies of management science and mathematical inventory 
theory to identify policy areas and formulate management 
objectives. Two simulation models have been used in analysis 
with actual data from different source. The results presented 
examine the interactions and savings associated with the use 
of optimal ordering, cross match and issuing policies. Further 
the authors have examined the question of centralized versus 
decentralized control. 

( 4 ) 

Cohen et al. have applied O.R. techniques to blood 
service complex. Mathematical response functions have been 
developed from the analysis of the data in each segment. The 
various segments considered include demand, forecasting, 
cross match and recycle control at each level of hierarchy in 
a regional system. They have further stated that these 
hierarchical models can reduce outdating, size of inventories 
and shortages . 
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( 16 ) 

Pegels and Seagle^ have considered the extended 
life of blood for useful transfusion and observed that it 
will significantly reduce the outdating and maintaining higher 
inventory levels. The study is based on the use of probabilistic 
model. An obvious adverse effect of the above strategy is the 
transfusion of older blood which may not. be good from medical 
reasons. 

The above survey reveal that very little work has been 
done on cross matching strategy for the management control of 
blood inventory. Eventhough some work has been reported f^r 
DOUBLE CROSS MATCHING, in this thesis an attempt is made to 
further extend the concepts of double cross matching and 
compare it with single cross matching. 



CHAPTER 3 


PROBLEM FORMULATION AMD SOLUTION ME'iHODOLOGY 

3 . 1 PROBLEM STAT EMENT : 

Blood IS collected from human body and stocked suitably 
so that It can be used for human being for transfusion purpose, 
when the need occurs. As only the matching blood can be 
transfused and the demand for the blood should be satisfied 
to the maximum possible extent, sufficient stock with suitable 
collection and distribution policy has to be established with 
the following main objectives. 

(i) Shortage should be at the least possible level, as it 
has direct impact on the very existence of human being. 

(ii) Wastage also should be at the minimum possible level 
for efficient utilization of the procured blood, thereby leading 
to easy procurement from voluntary donors. 

Further the cost associated with the development of any 
suggested strategy for the fulfilment of above objectives should 
be minimum or atleast comparable with the gains in the system 
efficiency . 
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3.2 SYSTEM DESCRIPTION. 

The procurement of blood at blood centre is mainly 
through the voluntary donors. In most of the situations, 
persons go to blood bank and donate their blood mainly on 
ethical considerations. However, sometimes they might be 
donating the blood for getting a certificate from the bank 
to this effect, so that on che basis of that certificate he 
can get blood any time in future for himself or his nearby 
relatives in case of emergent need. Blood centre accepts their 
blood after some primary checks and stores them in bottles of 
certain volume. Then the group of the blood is determined 
after test and the bottle is labelled with its group number, 
date of procurement and bottle number. 

Further on getting a request from hospital for blood 
bottle along with the sample of the blood, the sample is 
matched with the blood bottle in unassir-'ned stock after the 
determination of its group. Hence on availability of properly 
matched blood rhe request for reservation is satisfied, 
otherwise shortage is declared. In both the situations 
hospital is informed accordingly. 

Blood centre idencifies blood bo teles in three separate 
stacks and accordingly the stocks are known as (i) Unassigned 
stock, (ii) Reserved or assigned stock, (iii) Outdated stock. 



UnassiQned stock consiscs of initial unreserved units 


freshly procured units, unused returned units from hospitals 
(within reuse age limit) and cancelled units from reserved 
stock (within reuse age limit) as shown in Fig. 3.1(a). 

Reserved scock consists of units reserved from unassiqned 
stock on getting request for the same from hospitals and 
availability of the units in unassii_ned stock as shown in 
Fig. 3.1(b). 

Outdated stock consists of units returned from noqitals 
exceeding the reuse age limit, cancelled units from reserved 
stock exceeding the reuse age limit and the units exceeding the 
reuse age limit from unassigned and assigned stock as shown 
in Fig . 3.1(c). 

3.3 BLOOD MATCHING S^'RATEGIES • 

The aim of the present work is to evolve and evaluate 
alternate strateciies for the management of a regional blood 
centre such that the maximum number of patients are satisfied 
and the overall wastage of blood is minimum. The problem 
described in Section 3.2 has been attacked by the followinc: 
two approaches. 

(i) Single Cross Matching s (SCM) 

(ii) Double Cross Matching ; (DCM) 
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Initial 

unreserved 

units 


Procured 

Units 


Unused returned units 
(within reuse aqe limit) 



Cancelled units 
(within reuse 
are limit) 


Fig . 3.1(a) 

Units reserved from., unassigned stock 



Fig. 3.1(b) 


Unused returned units Cancelled unit^ 

(exceeding reuse age (exceeding reuse ace limit) 


Assicrned stock unit 
(exceeding reuse 
acre 1 imit ) 


Fig. 3.1(c) 
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3.3.1 5 an gle Cro ss Mat c h x ng ; 

In thas polacy^ on gettxng a request from doctor or 
ho^xtaly the blood bank or blood centre reserves the bottle 
after proper match xn the name of the patxent for X'/hxch the 
request x^ras recexved, xf the bottle xs avaxlable xn che 
unassxqned stock by follox/xng the FIFO polxcy. If the same 
xs not avaxlable shortage is declared. In both the situations 
the doctor or the hospital xs informed accordingly. 

The reserved units are kept for individual patiencs 
for certain period known as the holding period for reservation. 
Within this period the reserved blood can be called by the 
doctor or hospital for transfusion. If it is not called 
within this period, the reservation is cancelled and these 
bottle/s of blood join® the unassigned stock. The blood centre 
will maintains three separate srocks viz. , assigned stock, 
unassigned stock and outdated stock. Furcher, the called 
blood can be kept by the nospital for certain period known 
as 'holding period for call ' , so that lu can be transfused in 
actual need within that period. If the called blood is not 
used, then at the end of holding period for call it is 
returned to the blood centre. 

3.3.2 Doubl e C ros s Mar ch inc ^ : 

In this policy, for any ffiven two patients (pair of 
patients) each requiring a unit of blood of the same type, tvro 
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matched units of blood are reserved in a paired fashion. Each 
of the two reserved paired unics is made available to either 
of the patients. Corresponding to each blood unit patients 
are assigned in the same manner as in single cross matching. 

The pair of blood bottles to he formed is identified considering 
the blood age difference of the assigned bottles (a decision 
variable). The use of single cross matchin identifies the 
primary parient for the paired blood units. For each blood 
unit in the pair, the second pacient in the pair gets the 
status of secondary patient. The reservation scheme in chis 
policy may be represented as shovm below : 

Bottle Number Primary Patient Secondary Pacient 
1 A E 

n 3 A 

It needs to be noted thar the reserve ti .n of only 
single unit of blood for the two patients is not proper, as there 
IS a reasonable chance thac both patients will need blood. Hence 
a second unit is cross matched against both patients and 
reserved. Thus in the double cross matching neither 
patient is in danger of being denied a unit of blood in the 
event of calls for blood by both of them. 
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In tnis policy, in cho event of cancellation, at the 
end of holding period for reservacion with respecc to primary 
patienr., the same unit of blood is now made singly reserved 
in the name of secondary pacient, but now as primary patient 
and the unit of blood reserved for secondary patient earlier as 
primary patient is now made the member of unassigned stock as 
shown belovj : 

Bottle N”mber Primary Pacient Secondary ^acient 

IB h 


n X X 

where X stands for possible entry that can be made after cancell ati^ 

Further in chis policy, if the call is made by any one 
of the paired patients, the older unic of blood is issued first 
even if the call comes from the secondary pacient. However if 
the call is made by both of them, both the paired units are 
issued. 

Double cross matching does not increase the overall 
probability of use but may be used to shift some probabilicy 
of use between unics. II priority of use is based on age, 
and if one unit is lelatively close to its expiration date 
and the other is relatively- fresh, che above policy may reduce 
wastage by increasing che probabilicy of using cne older unic 
before expiration date “ while increasing the probability thac 
the younger unit will grow little older. 
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This policy puts the same number of units on reserve 
as the conventional reservation system but greatly increases 
the number of cross matches performed, i.e., increases the 
work load considerably. 

The present work is directed towards studying the 
relative performances of the above stated two strategies 
in regard to the objectives of minimization of blood wastage as 
well as Its shortage. Further an attempt is made to select 
the best set of decision variables (stated below) for both the 
strategies, 

(i) Holding period for reservation of one day and three 
days have been investigated in the present work. 

(ii) The minimum age difference between the older and fresher 
units of blood forming the pair in case of double cross matching. 
Age difference of 3 to 14 days between older and fresher units 
of blood have been considered. 

The problem as described earlier is too complex to be 
considered mathematically, therefore a simulation approach is 
adopted for the same. 

The development of the simulation model is based on 
certain assumptions. Some of the important assumptions involved 


there in are stated below. 
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3.4 ASSUMPTIONS j 

(i) The xiseful life period of human blood for transfusion 
purposes is assumed to be 21 days^ which is legally and widely 
accepted all over the world . 

(ii) The demand and supply of blood will be in terms of 
units of bottles (usually 450 ml in a bottle) even if the 
demand is in party it should be treated as the next higher 
number . 

(ill) Only the reserved units can be called. 

(iv) The holding period for a called unit by the hospital is 
assumed to be 3 days, ihis holding period is referred as 
'holding period for call ' . 

(v) The reservations are made on the FIFO basis. 

(vi) At the blood centre, the procured blood bottles are 
assigned Permanent Bottle Number (PBN) serially in the order 
of their age, 

(vii) The procurement of blood on any day is of fresh 
blood only and all fresh blood entering the blood centre is 
treated as blood \i7hich is one day old. 

(viii) In this thesis the term 'unit' will be used to signify 
a bottle of blood or any part thereof. 
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(ix) The initial stock comprises of units which are either 
17 days old or below in age. 

(x) Keeping in view the computer memory limitation the 
limit for different parameters, sudn as, number of units in 
the initial stock, number of units demanded on a day, number 
of units called, number of units returned and niimber of units 
cancelled has been assumed to be 50. On the basis of tnis 
limit other related parameters, viz., maximum number of 
patients requesting reservation and the maximum number of 
units requested b;s each patient has been assumed to be 13 and 
4 respectively. Procurement limit is also assumed as 50. 

(xi) The parameters mentioned under assumption (x) are 
assumed to be generated randomly from uniform distributions. 

(xii) All the analysis are with respect to any single type 
of blood. 

3.5 SIMULATION MODEL DEVELOPMENT; 

A simulation model which involves the consideration 
of various subsystems described below has been developed. A 
computer package for the simulation model has been developed 
for the IBM 7044 ~ 1401 system. 

3.5.1 Mo del Des cription ; 


The model includes the following; 
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(i) Initialization: This deals with the initialization of 
variables and takes care of previous stock entry, if any. 

(ii) Procurement: This subsystem deals with the daily 
collection of blood bottles. 

(ill) Return of Unused Units: This subsystem enters back the 
information regarding the bottles of blood which were called 
earlier but could not be used and as such are returned. 

(iv) Call of Units This subsystem deals with the call of 
blood bottles which were reserved earlier and is within the 
holding period. 

(v) Cancellation of Reserved Units: This subsystem cancels 
the reservations made earlier after the expiration of holding 
period for reservation. 

(vi) Reservations; This subsystem deals with reservation of 
units on the receipc of reservation request from hospitals 

or doctor dependinc upon the unassigned stock in the centre^ 
otherwise shortage is declared. Reservations are made either 
using single cross matching or double cross matching. Further 
the age of each collected unit is updated. 

(vii) Statistics This subsystem deals with the updating of 
the stock, calculation and printing of desired outputs. 

For better comprehension of the blood centre problem. 
It would be worthwhile to state day-wise, as to what events 
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would take place an •che bi> od cun^re. Tore-i- mr cisc’'&saon 
as based on 3 days holding peraod toe boch reservataon and 
call , 

On the farsi. day uhere wall be far c procaremen-c 
and farst re&ervataor. 3esades die farst procurement the 
unassagned scock wall consasc of the prevaous scock on ac. 

On the second day there 'ua’ 1 be second x^tocarement , 
farst call and second re -ervataon. 

On uhc thard da\ ^ there wal^. be tnard pioc.irement , second 
call and thard reservacaon. 

On the fourth d^Y / there wall be fourth procurement^ 
thard call^ first cancellacaon and fourth reservataon. 

On the fafth day, there i>/all be fafth xotocurement , 
farst return, j.ourth call, second cancellacaon and fafth 
reservataon . 

Lakewase fron saxth day ai 1 amportant events take 
place on samalar lanes stated above for five days. It should 
be noted that the reserve caons of blood are done usang eiuher 
sangle cross matchang or double cross matdiang. 




Fig . 3,2 


In Fig. 3.2 1 ST represents the initialization cf the 
systems while Pr^ R, and C represent procurement of units , 
reservation of units using a strategy, and call of units 
reserved earlier respectively, ‘‘harther. Car and Ret 
represent the cancellation of reserved units which coulc not 
be called and return of called but unused units respectively. The st 
scripts (1,2,..., 6) indicates the sequence number of 
occurrence of different events after the start of the Simula ■ 
tion. Fig. 3.3 depicts unit and information flow in the model. 

From the diagram shown in Fig. 3.4, it is evident that 
at the start of the simulation, all important parameters are 
initialized and the day number is set equal to 1. The unassigned 
stock file IS updated by adding the day ' s procurement to the 
previous unassigned srock if any. Depending upon rhe actual 
conditions for occurrence of different events (explained 
earlier in Fig, 3,2) following events take place in order. 


(i) Return of unused but called units by hospitals. 


(ii) Call of units reserved previously. 
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(ill) Cancellation of amts reserve<? but not called by the 
hospitals at the end of holdinc period for reservation. 

(iv) Reservation of unius on the basis of demand occurring 
on uhe day. 

(v) Age updating - 

(vi) Statistics. 

A^fter this, the day number is increased b'\' one and the 
same procedure from procurement is repeated nil che limit set 
for .next simulation is reached. Then the final results are 
princed and depending upon che requirement, the analysis is 
carried out again by initializing the whole system for next 
simulation, otheirwisr the simulation runs terminate. 

3.5,2 Nomenclature : 

The following are some of the important notations that 
have been used for the development of the computer package 
as well as for describing the various aspects of the subsystems 
with respect to a simulation run. 

3.5.2. 1 Variables; 

DN Day Number of the simulation run. 

PBN Permanent Bottle sequence Number labelled b^ 

the centre. 

COLECT Collection of fresh units on a day by the 


centre. 
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TBD 

T?^ 

TSORTG 

TCALL 

TUNCAL 

TCNUSE 

TBDAP 

TCLECT 

TBSA 

TPSA 

TUMCGW 

TCMUCW 

TAG 'AT 


Total number of Bottles Demanded from the 
centre. 

Total Number of Patients for whom reserve cion 
requests came. 

Total number of Shortages of units at the 
centre. 

Total number of units Called from rhe centre. 
Total number of Units Not Called from the 
centre. 

Total number of units Called but Not Used 
by the hospitals. 

Total number of Bottle Doubly Assigned Pairs 
made at the centre. 

Total number of unit Collected b^ the centre. 
Total number of Bottles Singly Assigned by 
the centre. 

Total number of Pacients Singly Assigned by 
the centre. 

Total number of Units Noe Called and are 
Going Waste. 

Total number of Called units Not Used and 
are Going Waste. 

Total number of units Actually Going Waste 
due to aging only. 
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UNASND 


ASIND 


ODATE 

NOPR 


NOBC 


NOBR 


total number of Jnassioned Units available 
at the centre. 

minimum number of units Assigned for requests 
met before. 

total number of units Outdated. 

Number of Patients Requesting for reservations 
on a day. 

Number of Bottles Called on a day by the 
hospital s. 

Number of Bottles Returned on a day by the 
hospital s . 


3 . 5 , 2 . 2 Mat ri ces : 

The various matrices used for the development of the 
model are . 


1. Match Mat rix ( MM) : Relevant information for each unit collected 
at the blood centre such as identification number (a sequence 
number assigned to the blood unit at the centre after procure- 
ment), age, primary patient number after reservation, seconday 
patient number after double cross match pair formation and 
status are stored in a matrix known as Match Matrix (MM), The 
status of each unit is assigned values —I, —2, 1, 2,3, O to 
represent the same. -1 indicates that the unit is below its 
reuse age limit and has not been reserved by any matching 

strategy, whereas -2 indicates that the unit was reserved 

r< 



^ I 


^ 4 $ S 




ikXn A* , 
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earlier and as its ace is below reuse age limit after possible 
return or cancellation of reservation of the unit, it can be 
reserved again. The unit is assigned value 1,2, 3,0 to 
represent its status respectively depending upon whether che 
unit has been singly reserved (i.e., reserved for only one 
patient), doubly reserved (i.e., reserved for two pacients), 
has been called by the hospitals or has become outdated. 

Ass igned Matrix (ASINED) ; For each panent, the permanent 
patient number (i.e., a sequence number assigned to the patient 
after the start of a simulation run), its first reserved unit 
number and the second reserved unit number (in case of success- 
ful double cross match) are stored in a matrix known as 
(ASINED) matrix- 

3. De mand Matrix (DM) ; The information relevant with respect 
to day's reservation requests such as sequence number of unit 
demanded, sequence number of the patient on that day, permanent 
unit number of satisfied demand, permanent patient number and 
the status of request are stored in the matrix known as Demand 
Matrix (DM). lAjith respect to a reservation request, the 
status in Demand Matrix is assignedi values 1 or O for acceptance 
of request for reservation and shortage respectively. 
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3 . 5 . 2 . 3 Arrays : 


The various arrays used for the development of the 
model are : 


1. PROCUR 


2. 1ST 


3. IITTAKE 


4. DEMAND 


5. 1MUCAL.D 


6- CBNA 


7. CBNB 


8. CBNC 


This array (PROCUR) stores number of units 
procured of different age on a day. 

This array (1ST) stores number of units of 
differenr a'^e of ini-cial stock. 

This array (INTAKE) stores number of units 
collected on different day number. 

This array (DEMAND) stores number of units 
demanded on different day number. 

This array (NUCALD) stores number of units called 
on different day number. 

This array (CBNA) stores unit numbers which are 
called and related informations on a day having 
day number equal to integer multiple of 3 plus 
one i.e. for DN =1, 4^ 1 , ... 

This array (CBMB) stores unit numbers which are 
called and related informations on a day having 
day number equal to integer multiple of 3 plus 
two, i.e., for DN = 2 , 5, 8, ... 

This array (CBNC) stores unit numbers which were 
called and related informations on a day, having 
day number equal to integer multiple of 3, 
i.e., for DN = 3, 6, 9,... 
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9. RETBNA 


10. RDCMBN 


11. CBARAY 


12. RBARAY 


This array (RETBNA) stores the unit numbers 
returned from hospitals and cancelled from 
reserved stock which can ^ain be assicned 
aloncwith related informations on a day , 

This array (RDCiIBN) stores the unit numbers to be 
considered for double cross matchino and related 
information on a day. 

This array (CBJ^RAY) contains the unit numbers 
reserved within three days and yet to be called 
by the hospitals. 

This array (RBARAY) contains che unit numbers res- 
erved on the last three days by the centre. 


The related information® in context V7ith the above des - 
cription are the day number, the number of units in the parti- 
cular array and some identification number for proper recognition 
as some of them may be of same dimension. 


3.6.3 Sub s ystem De script ! on : 

In the subsequent subsections the different subsystems 
of the proposed simulation model with referenc^i to computer 
package are discussed in detail. 

3 . 5 . 3 . 1 Initial ization : 

All the variables representing different counts are 
initialized as one or zero depending upon the purpose for which 
they are to be used . Matrices alongwith arrays are initialized 
as “1 to represent the beginning of simulation. 
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It IS assumed that the blood centre will be having 
some previous stock consisting of units of varying age. This 
information is normally available with the blood centre and in 
absence of this information, the units of different ace varying 
between 1 to 17 days are generated randomly using uniform dis- 
tributions such that the number of units of any age may be 
between O and 3 in accordance with the assumption made in 
Section 3.4. A new permanent bottle number (PEN) is assigned 
to each unit and the Match Matrix (MM) is updated accordingly. 

3 . 5 . 3 . 2 Procurement • 

It IS an essential input to the blood centre management 
system. The procurement of blood is through voluntary donors. 
Occasionally special camps are arranged by blood centre for 
collection of blood. 

The number of units collected will be known to the blood 
centre and in absence of this information, it is generated 
randomly using uniform distribution in the range specified in 
assumption (Section 3.4). For the purpose of simplicity in 
analysis it was assumed that the collection is of fresh units 
only. This assumption is a valid practical assumption as in 
most of the cases the collection is mainly from donors. Each 
unit after some test and group classification is assigned a 
permanent bottle number (PEN) and is entered into the 
unassigned stock. The Match Matrix (MM) and related variables 
art updated accordingly. 



3.5. 3. 3 Return of Unused Bu t Ca lled Units: 

In this subsystem the units which were called earlier 
by the ho^itals for transfusion purposes and coulfi not be 
used due to some reason or the other (which may be due to 
less actual need by the patient) are returned to the blood 
centre. Depending upon the age of the returned units they 
are either allocated to che unas signed scock or outdated stock. 

The number of units returned (NOBR) and their actual 
unit numbers will be made available to the 'blood centre by 
the hospitals and in absence of this information, for model 
analysis, the number of units recurned (NOBR) is randomly 
generated using uniform distributions in the range equal uo the 
number of units called three days back. To know the actual unit 
numbers of the units returned from the hospitals the array 
containing the information about units called three days back 
IS idencified and the (NOBR) unics are selected from this array 
in a random fashion. 

3.5. 3.4 Call of U^t_s; 

The call of units starts from the second day of the 
simulation as only the reserved units can be called. The holding 
period for reservacions has been assumed to be 3 days, i.e., a 
unit once reserved cannot be reserved for another request within 
three days of the last reservation of a unit. 
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The array (CBARAY) is updated by purging the unit 
numbers which were in this array for three days and entering 
the unit numbers reserved on previous day. The number of 
units called along with their unit numbers is supplied by the 
hospitals and in absence of this information^ the number of 
units called is randomly generated using uniform distributions 
in the range equal to the number of units available in the 
array < CBARAY). 

The actual unit numbers to be issued to hospitals is 
selected in a random fashion from array (CBARAY). The units 
are checked for their status. If the status of the unit is 
found to be 2, i.e., it has been doubly matched with another 
unit, then actually the older of the two paired units is 
sent to the hospital provided it satisfy the age restrictions. 
Three arrays (CBNA) , (CBWB) and (CBNC) are maintained to 
record the information regarding the unit numbers called on 
each of the last three days, if any. Array (CBNA) contains 
the unit numbers called on the day, whose day number equals 
integer multiple of 3 plus one. Array (CBWB) contains the 
unit numbers called on the day, whose day number equals 
integer multiple of 3 plus two. Array (CBNC) contains the 
unit numbers called on the day, whose day number is integer 
multiple of 3, The proper array to enter information about 
the called units is selected and updated. The count for 
total number of units called and the array (NUCALD) are also 
updated . 
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3 . 5 . 3 . 5 Cancellation of Re se rvatio n : 

In this subsystem the reservations of units which were 
reserved 3 days back and could not be called within that 
period is cancelled. These cancelled units either join the 
unassigned stock or outdated stock depending upon their age. 

In the simulation model the units reserved 3 days back 
are checked for their status. If the status is found to be 1, 
the age of the unit is checked and if the unit is within 
reuse age limit, the unit number of this unit is entered in 
the array (RSTBNA), otheirwise declared outdated. The status 
is accordingly updated. However, if the scatus was found to 
be 2, i.e., the unir is paired with another unit, the paired 
unit's unit number is entered in an array (RDCMBN), to be used 
latter in the pair formation of double cross match strategy and 
the status is updated as 1. Next the second unic in the pair 
is checked for its age and if this unit is within reuse age 
limit, the unit number is entered in an array (RETBNA) otherwise 
declared out-dated. The status is updated accordingly. 

3 . 5 . 3 . 6 Reserve cions : 

In this subsystem reservations are done against the 
requests made by the hospitals. If the demand, i.e,, the 
request for reservations cannot be met fully, it is met in 
part as far as possible using FIFO policy. The unfulfilled 
demand is declared as shortage. Hospicals are informed 
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accordingly. However if the hospital considers it necessary^ 

It can again send the same requesr the following day. Such 
request for reservation are satisfied with by assigning the 
highest priority b;y the blood centre. An attempt is made to 
satisfy reservation requests firstly from the units which are 
returned from hospitals and then, if necessary, from the 
unreserved units. It is contemplated that above strategy would 
result in better utilization of the procured blood and in turn 
would also satisfy the demands more efficiently. 

The number of patients and the units requested for each 
of them IS supplied by the hospitals and in absence of this 
information the number of patients and the number of units 
demanded by each of them, are randomly generated using uniform 
distributions and the rangeis taken as 1-13 and 1-4 respectively 
as stated in Section 3.4. 

The array (RBARAY) is updated to enter the present day's 
satisfied requests for reservations. Depending upon the 
availability of units in^ unassigned stock, request for reserva- 
tion of units is met by reserving first the units stored in an 
array (RETBNA) against the request made using FIFO policy. The 
array (RBARAY), Match Matrix (MM), Demand Matrix (DM) and 
related count variables are updated accordingly. The updated 
Demand Matrix (DM) may be printed for details and information 
to be sent to hospitals. 
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Double Cross Matching; 

Double cross matching is done for the units reserved 
by the single cross matching strategy. It should be noted that 
in general double cross matching has imbedded into it the 
reservations by single cross matching. For every satisfied 
request, the units are identified and the patients for whom 
these units are reserved is declared as the primary patient. 

An atteirpt is made to generate pairs among the units reserved 
by single cross matching using the double cross matching 
strategy. 

The pairs are generated such that there exists a certain 
minimum age difference among the paired units. The optimal 
lower limit for the age difference can be determined based on 
the v/astage reduction criterion. The benefit of double cross 
match in terms of wastage reduction mainly depends on the issue 
of older paired unit in place of request for younger ace 
paired unit. Further it is contemplated that the chances of 
wastage reduction improves with 

( 1 ) increase in the number of pairs formed by the double 
cross matching strategy, 

(2) increase in the call for younger units by the hospitals. 
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The number of possible pairs that can be formed depends 
on the following: 

(i) Number and age distr/.bution of singly reserved units. 

(ii) Number and age disl^ibution of initial stock. 

(ill) Procurement distribution of unirs. 

(iv) The age difference between the paired units. 

For pair formation the string of singly cross matched 
units, which contains units arranced in decreasing order ot- their 

age is split into two parts at the middle. The two parts of 

string are referred as string A and string B. The first vnit 
in the string A is compared with the first unit in string B. 

If the age difference is appropriate, then the pair is formed, 
otherwise the unit of string A is compared with the subsequent 
unit in string B till the pair formation becomes admissible. 

On getting success in pair formation the status of paired 
unit IS made 2 and the matrices (MM) and (ASIf-JED) are updated 
accordingly along with related count variable. Similar proce 
dure is repeated for other pair formation from string A.Furrher 
while searching for units in string B, for pair formation, if 
all the units of string B are exhausted v^ithout obtaining a 
pair, the pair formation is not carried out for all the subsequent 
units in string A. 
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Ag e Updati ng : 

In the model the age of units are updated at the end 
of day's analysis. The units which exceed the age limit for 
reservation are declared outdated on account of natural aging. 
The Match Matrix (MM) and related counc variables are updated 
accordingly. 

3 . 5 . 3 . 7 _S t atistics 

The computer package permits the prinuing of various 
daily statistics which include COLECT, TCLECT, IBD, T^’P, TBFA, 
ASIND, TCALL^TSORTG, TBDAP, TUNCAL, TCNUSE, ODAliE, TUMCG^'b 
TCNUGN, TAGW, UNASMD along with the day number (DN) . At the 
end of a simulation run the various statistics are printed. 
These statistics are defined below; 

Average bottle demanded per patient (AVBDPP) 

- Tg t 3l Jbo t y. e_ d^ an ded ( T Bp2_ 

~ Total number of patients (TNP*) 

Percentage Shortage (SORTP) 

- Total shorta ge s of units (T50RTG) . 

~ Total bottles demanded (TBD) ^ 

Percentage wastage with respect to demand (^'A.STPD) 

- Actua l number of units ou td a t ed ( OD AT E ) y]_QQ 
Total botrles demanded (TBD) 
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Percentage wastage ( vtastpc ) 

- Actual number of units outdated ( ODAT E ) . ^ 

~ Total units collected (TCLECT) ” * ^ 

Percentage call (CALLP) 

- T otal number of uni ts called (TCA LL) 

~ Total number of singly met reservations (TBSA) ^ 


Percentage unused (UNCALP) 

_ Total number of called units not us ed {TC^S_E_) 

Total number of units cal led” (TCALlI ^ 

Percentage unreserved (UiMRESP; 

T otal number of_ un its n ot called, (TU MCAL) ^ 

Total number" of ~ singly met reservations (TBSA) 

Percentage increase in utilization efficiency (UErFIN) . 

- n iet reservations - Minimum nu mber units actually reserved 

Singly met reservations 

(TBS A) - (A_^IND) ^ - 

t¥sa' 

Average inventory position (AVINVP) 

_ Su m of e ach days unassi qned stoc ks 

~ Number of days considered for a simulation 

3.6 STRATEGIES EVALUAT ION APPROACH 

The two matching strategies viz., single cross matching 
and double cross matching have been evaluated using the randomly 
generated data for both 1 day and 3 days reservation holding 
periods. The two computer packages were developed for the 
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simulation model , one with reservation holding period as 
3 days and the other with reservation holding period as 1 day. 
The program was written in Fortran IV for IBM 7044-1401 systems. 
Five different random number generators have been used, which 
give uniformly distributed random numbers between O and 1. The 
parameters have been made to lie with in desired range of 
values by the use of appropriate multiplication factor.The 
relative performance of these strategies are presented in the 
next chapter. The listings of the computer package developed 
for two reservation holding periods 1 and 3 days are given in 
Appendix 3t and Appendix IS. 

Each simulation run is carried for a particular minimum 
age difference among the paired units for double cross match 
strategy. The pseudo random numbers used for getting random 
information with uniform distribution is initialized at the 
beginning of each simulation run. 

The two strategies have also been evaluated based on 
the data obtained from Red Cross unit, Poona and Blood Bank 
Section of Sasson Government Hospital, Poona. The details of 
the case study along with the results obtained are presented 


in next chapter. 



CHAPTER 4 


EVALUATION OP STRAl’EGIES: RESULTS AND CONCLUSIONS 


The model developed in previous chapter and the computer 
packages prepared for the same were used for studying the 
relative performances of rhe two matching srrategies for 1 day 
and 3 days reservations holding periods. Further the performance 
of DCM strategy for various minimum pair age difference was 
studied. The results were obtained separately for the generated 
data and the case study. 

For the study based on generated data, the data has been 
generated using five different pseudo random number generators, 
keeping in view the suitable ranges of the various parameters. 

The ranges selected for the parameters have already been men 
tioned in Section 3.4. 

For the case study, the data were collected from the Red 
Cross unit, Poona and the Blood Bank Section of Sasson Govt. 
Hospital, Poona. Since the blood banks in India are mainly 
concerned with the collection of blood and not as in USA and 
European countries, with the overall management of it, the data 
collected could not give all the information needed for the 
simulation model. All the collected information has been used 



and other necessary information has been generated suitably 
keeping the various assumptions listed in Section 3,4 in view. 
The results obtained for booh the generated data and the case 
study have been analysed. 

4.1 RESULTS FOR GEMERATED DATA; 

For the generated data, the results of forty eight 
simulation runs obtained for 1 day and 3 days reservation 
holding periods using single cross matching and double cross 
matching strategies are presented in Tables 4.1 and 4.2. Each 
run corresponds to a particular DCM pair minimum age difference 
varying from 3 to 14 days. 

Figures 4.1 and 4.2 graphically represent the percentage 
increase in utilization efficiency and percentage wastage versus 
DCM pair minimum age difference respectively, using the results 
listed in Tables 4.1 and 4.2. As the percentage shortage was 
zero in all situations, the same has not been shown graphically. 

On the basis of results obtained, the following observa- 
tions are made. 

(i) There was no shortage in any situation. 

(ii) Both the percentage increase in utilization efficiency 
and percentage wastage are more for 1 day holding period 
compared to 3 days holdinn period for reservations. 
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Table 4.1: Results for generated data using single 
cross match strategy. 


Reservation Holding Percentage Percentage 
period ( in Days ) Shortage Wastage 


1 

3 


0.0 28.32 

0.0 14.34 


Percentage 
increase in 
Utilization 
Ef I" iciency 

31.05 

19.96 


Table 4.2' Results for generated data using double 
cross natch strategy. 


DCM Pair 
Min . Age 

- - - 

Holding 

period for reservation 

„ 

- 

Difference 
(in Days) 

Percen-- 

3 Days 

Percen- 

Percen- 

1 

Percr n- 

Day 

Percen 

Perc<^ntag 


taqe 

taoe 

tage mere 

tage 

tace 

increase 


Shor- 

TAfastace 

ase in uti- 

Shor - 

wastage 

in utili- 


tage 


lizer ion 
efficiency 

tage 


zation 
ef f icienc 

14 

0.0 

14.34 

19.96 

0.0 

28.32 

31.05 

13 

0.0 

14.34 

19.96 

0.0 

28. 32 

31,05 

12 

0.0 

14.34 

19.96 

0.0 

28.32 

31.05 

11 

0.0 

14. 34 

19.96 

0.0 

28.44 

31.05 

10 

0,0 

14.45 

19.96 

0.0 

28.55 

31.05 

9 

0.0 

14.45 

19.96 

0.0 

28.44 

21.05 

8 

0.0 

14.45 

19.76 

0.0 

29.60 

31.45 

7 

0.0 

14.45 

19.96 

0.0 

27.98 

30.85 

6 

0.0 

14.57 

19.56 

0.0 

27.86 

30.85 

5 

0.0 

14.57 

19.96 

0.0 

30.17 

31.65 

4 

0.0 

5.20 

21.17 

0.0 

29,71 

31.65 

3 

0.0 

11.79 

21.77 

0.0 

28.55 

31.25 
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(ill) The minimum wastage was 5% for 3 days holding period 
for reservation, using double cross match strategy with 
minimum age difference among pairs as 4 days. The corresponding 
increase in utilization efficiency was 21%. 

On the basis of uhe results obtained, che use of double 
cross match strategy is suggested with 3 days holding period 
for reservation and dcM pair minimum age difference as 4 days. 

4.2 RESULTS FOR CASE STUDY 

The results obtained for the case study with 1 day 
and 3 days holding period for reservation using single and double 
cross matching strategies are presented in Tables 4.3 and 
4.4. For each holding period for reservation twelve simulation 
runs were carried out for single cross matching and another 
twelve simulation runs for the double cross matching. Each run 
corresponds to a particular DCM pair minimum age difference. 

The values selected varied in the range 3 to 14 days. 

The results obtained have also been represented graphi- 
cally. Figures 4.3 to 4.5 graphically represent the percentage 
shortage, the percentage wastage and percentage increase in 
utilization efficiency versus DCM pair minimum ace difference 
respectively, using results lisued in Tables 4.3 and 4.4, 
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Table 4.3: Results for case study data using 
single cross match strategy. 


Reservation HolcSing Percentage Percentage 

Period (in Days) Shortage Wastage 


6.45 


13.28 


Percentage 
Increase in 
Utilization 
Ef Eiciency 

46.98 


3 


14.92 


5.65 27.49 


Table 4.4 Results for case study data using double 
cross match strategy. 


DCM Pair 


Holding period for 

reservation 


Min . Age 

- — 

— _ 

— -- ' — 

-- — 



Difference 
(in Days) 


3 Days 


1 

Day 








Percen^- 

Percen- 

Percentage 

Percen- 

Perce n- 

Percentaiee 


tage 

tage 

Increase in 

tage 

tage 

Increase ir 


Shortage 

Wastage 

Utilization 

Shortage 

Wastage 

Util izatior 




Efficiency 



Efficiency 

14 

9,48 

5.37 

30.96 

6.45 

12.71 

67.41 

13 

8.06 

5.93 

30. 70 

4.84 

14.69 

45.13 

12 

15.12 

7.63 

28.27 

4.44 

13.84 

66.62 

11 

11.90 

6.50 

33.18 

4.64 

14.41 

4 5.88 

10 

16.53 

7.06 

23.91 

7.06 

14.12 

6 6.64 

9 

11.90 

6.50 

33.64 

6.65 

12.71 

47.95 

8 

15.52 

6.78 

29.83 

6.25 

12.99 

46.67 

7 

9.88 

5-93 

31.54 

^ .03 

15.25 

6 6.85 

6 

14.72 

8.19 

31.21 

6.05 

14.69 

44.21 

5 

9.48 

5-08 

29.40 

6.25 

12.71 

47.31 

4 

12.50 

4-24 

28.11 

4.84 

12.15 

45.55 

3 

12.90 

7.34 

31.94 

6 . 25 

12.99 

‘ 6 . 67 
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Th© following obssnvations an© made firom these gnaphs ; 

(i) In general ^percentage shortage is almost double for 
reservation holding period as 3 days as compared to the same 
as 1 day for both single and double cross matching strategies. 
In single cross matching strategy the percentage shortages 
were 14.92 and 6.45 for reservation holding periods as 3 days 
and 1 day respectively. In double cross matching surategy, the 
minimum shortages occurred for minimum pair age difference 

of 13 days and 7 days for reservation holding period as 3 days 
and 1 day respectively. The corresponding values for shortaoe 
were 8.06% and 4,03"<^. 

(ii) In most of the cases^ the double cross matching strategy 
resulted in less shortage (in percentage) as compared to the 
single cross matching strategy. 

(ill) For both the strategies, in general, percentage wastage 
are almost double for reservation holding period of 1 day as 
compared to same of 3 days. In double cross matching the 
minimum percentage wastages were 4.24 and 12.15 corresponding 
to reservation holding periods as 3 days and 1 day. 

(iv) For both the strategies, the percentage increase in 
utilization efficiency is more for reservation holding period 
as 1 day compared to the same as 3 days. 

(v) For reservation holding period as 3 days the percentage 
increase in utilization efficiency is more for the double cross 
matching compared to the single cross-matching. However, che 
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p©rcenta.ge utilization efficiency for reservation holding 
period as 1 day is more in the case of single cross matching 
compared to double cross matching. 

The results of the case study suggest the following- 

(1) If shortage used as criterion, the double cross 

/ 

matching strategy should be adopted witji DCM pair minimum aoe 
difference as 7 days and reservation hglding period asl day. 

( 2 ) If wastane in to be used as criterion, adoption of 
single cross matching strategy is reoDmmended with reservation 
holding period as 3 days. 

(3) If the increase in utilization efficiency is co be used 
ar criterion, the single cross match strategy should be adopted 
usino 1 day holdinn period for reservation. 

(4) Considering shortace, wastage and increase in utiliza- 
tion efficiency equally important the use of double cross match 
inq strategy is suggested with pair minimum age difference 

as 4 days and reservation holding period as 1 day. 

In both the case of generated data as well as case 
study the wastage reduction could not be achieved due to 

less number of actual call for younger paired units, which 
first of all depend on the number of double cross matched 
pairs formed- 
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4.3 COMPA.'.ISON OF COMPUTATIONAL TIFES ; 

The execution time requirements for single cross 
matching and double cross matching strategies using generated 
and case study data are listed in Table 4.5. The execution 
time requirements are based on twelve simulation runs each 
for the cases of reservation holding period as 1 day and 3 days. 

Table 4.5” Execution times for twelve simulation runs. 


Fata 


Generated 


Case study 


Reservation 
holding period 
(Days ) 

Time 

sen 

in Seconds 

DCM 

Percentage 

increase 

from sen 

1 

20 

22 

10 

3 

22 

28 

27.2 

1 

14 

16 

14.3 

3 

18 

23 

21.7 


On the basis of above table it is observed thac for the 
generatec^ data as well as the case study uhe execution times 
for 3 days holding period for reservation were more compared 
to the reservation holding period as 1 day irrespective of 
the strategy adopted* Further as has already been pointed out, 
the percentage wastage is less v/hen 3 days holding period for 
reservation is used, slight increase in computer time can be 


juscif led* 



5 ? 


As expected, in all situation the double cross matchinr 
strategy takes more time compared to single cross matching 
strategy, 

4.4 CONCLUSIONS: 

The result s based on the generated data and case study 
indicntc that in most of the cases the performance of double 
cross matching strategy is sliohtly better tuan sina’ c- cross 
matching in terms of higher percentage utili:^?tion efficiency 
and lower shortage. Howev r, it was observed that for both 
the generated data and the case study, the blood v^astaaes 
were,* some what higher for most of the DCM pair minimum age 
differences considered as compared to the single cross 
matching strategy. 

Based on the study, the adoption of double cross matching 
strategy Is recommended for Pegional Blood Centres. 

4.5 SCOPE FOR FUTURE HOPK : 

^'Tienever we move in some direction for the fulfilment 
of certain objectives, even after getting the same, it is 
usually observed that new horizons emerge towards which further 
effort may be directed. Present work also could not escape 
the similar happening and as such the future work may be taken 
up in the following directions. 



i) mentioned in Section 3^3.2, in the present work 

only two holdincj periods for reservations viz,, 1 day and 
3 days \.«i'orc considered. However, it xirould he worthwhile to 
si-ud"^ the influence of other values of reservation holding 
period*' on wastone, shortage and increase in utilization 
cfficif-ncy with a view to determine optimal value of reser- 
vation holdina period. 

il) rn the present work, the double cross maten pair forma 
tion wan done using minimum ago difference among paired units 
as criterion. An alternatjve strategy for pair formation could 
br* to form pairs out of a fixed percentage of older and younger 
units among singly reserved units. The performance of such a 
striotcgy needs to be evaluated. 

iii) Extending the basic concept of double cross matching, 
one may evolve a multiple cross matching policy , In the 
multipl''' crocs matching strategy, each cross matched unit of 
the multiplot will be reserved in the name of more than two 
patients and in the event of calls, older units v/ould be 
issued to the patients in order of their call for the unit. 

It 1C possible that the multiple cross rratching strategy will 
further significantly reduce the wastage but this may involve 
considerably more number of cross matches to be performed along 
with computational and book keeping effort. 
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IV ) 'ihc present work is confined to che management of blood 
for a re^'ional blood centre. However, it would be desirable 
to dfjvrlopo computer oriented integrated systems for the 
manarfomcnL of blood at the state level (comprising of many 
rcr-ional blood centres) and then for the country as a whole 
in order to use this scarce, life saving, perishable commodity 
in the most efficient way. 
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355 UN:ASNC»t'N 4 .SN:C 4 l 

.HNtPIN, 5 Ja- 2 ' ■■ -.J... 

RgTBKAf JXJ*f? 6 i 4 . 

‘ 4 X* 4 X 4 I 

■-- '■360 tCNTINUE 

■'■■,, GC TC 357 - ■■"■ ' 

390 CcNTiNUE _ 

C print J 2 C*CN 

I^FtlY.tE^f:!) GCO TC 35 e 
39 ? TCKliSE®TCNijS£ + Lx - 



396 ReTEN4( 3)'=JX-l 
RETIN4(li=CN 
PETeNA(4J = 3 
lKB»P£TBN4t3 5 
399 CONTINUE 

* ♦♦ ♦ a| 4*4 *4 ♦ « 5} ^ * X 


■X'lil--.-',OF. eCTTlEf. 

■f 4* »44 4 44 44^4 4 4 X 4 4 4 44> 4 




itp=goo 

IF(CN.€C,>1 ) 

GC TG 4GC 

IF{tF,GTa4) 

GC K 4^1 

IFCCR.Gt.?) 

GC ir 4 ', 1 

CC 4CI 1*1, f-3 



401 Ce^fi4Y( I ) = R8/1P^Y4' j ) 

GC IC 415 

402 1F(CK,GT.2) GC 4'f 
J12«l2“tl 

CC ^04 1 = 1 , J12 
F I s> M ■»! 

1 1» 1 1 ■» I 

404 M )"iic4P; v-: i!, )■ 

c-c TC 4} -5 

405 J?3=L3-15 

■ DC 4C8' 1=1 tJC; 

NI*f»24| 

LI«124T 

408 P-^YC Nl ) = PeiP£Yt LI ) 

F3 = ^} 

GC TC 415 

412 

IFfJ'SoFCaWl) GC T'C 4330 
CC 413 

413 CB<PlYtI>*CeiR4YtlL> 
P1»P2-R1 

413o n*o 
R2«C 

4l3l'CCN-tIj^| 

IJ»t3-L2 
CC 414 i=3»IJ 
H**IH4'I 

■ IRK*L24|- — ' 

43,4 C8*i4Yf IRJ«R84PAY{ IMPI 
i i;4lf C * 1 . 4 Rh CY 2 1 1 Z ) * 50 . 

LC*^C 8 C 
LC = P3 

1F11C,LI*3) GC It 49C 
tFUC.GE.IC) GC TC 415 
IKaS 

LKK«LC45 
CC 460 J4=1,LC 

43«]i^2 

416 CBH=i«4fJNCYK(Ak)4i!i3 
CeN’CeARilYCCih) 

■ ” ■ ' )' ■ ■ .; 

■ IFitF-H*-€t3*2) '; GO TC 4l5 

GC TC 4l9 

' ^It'-'CCKTfNCP - ' 

'ii-V;,-- ;VlRKEh*Re,«H3 1 •GCr 70 




IFt M6EC^M3)Vl3Ml-: 
IF(C^•LE,2 ) GC TC 4 i £ 

418 ^'3»f^3-7 
)5 3 SB ^ 3 

•Cc TC 4£0 

419 IF(CEH,,GT« V.1 ) GC TO 451 

'lFtCF,L8,2) C-C ’'r; 4I-! 

421 ^F( rEH,GT«^*2 ) GC 10 4 r: 
F2aF2-J, 

423' 

4 3=f-i 

CC 4;'4 : = CE»-jWH 

1K3ST41. 

424 CE^R4Y( ! )=CEiR4Y i iK) 

C-C TC.4E 3 

425 K^S»/6SI^CE|CE^^,T■ ) 
JF(FF(K£S,^ ),vC,0) C-C TC 4 
4SI^EC(CE^,^ )aC 
*SIfEClKAS#3 ) = 0 
>*>'CCENt4) »-? 

|.|»tKnt4>=-.2 . 

IF(CFN*lTeK^-£ J co re 430 
IFtCEN,LT.tT f).LTR=CBK ' 

cc 42-? IK*1,FS 
KASh*CeARiSY{ mr 
lF|KilS.Kg*KA<Nl ec TC 427 

■ e«ip*iK"‘ 

C8NaK/SS 

■ , GC TC 417 ■ . ■' - 

427' CCfifTII^Uf-' . ' ■ . 

430. KK(K#St5l»l 
GC' TC '417 • 

450 FV{CeNt5)®3 
455 LK«lK<fl ^ 

1F{IKC«£C*1) GO TC 480 
IFn^'C.SC*’} GG- TG 410-. C" 
CBWC(LK)-CE^ 

O IF(tK.»LT*tKK ) GC TC 480 
/ cef^c{i)=cK 
. Ce»<C(2)eINC 

CeNc<3>»LKK 

C-e‘TC4gS' 

460 Ce^J6{U)3C8N 

IF (IK* IT, IKK J GC TO <80 
C8tSi/5 ( l)»CK* 

CeKi5(2J = iKC 
CBN8 (3)=LKK 
GC TC 495 

470 GgK'eiLK)*CBf^ 

tfitK*tT*iKK j GC TO 4 80 
.■;■ e%t'tij*ch’ . . .. .' 

■ ■ ■' -•■■v. 




u u o u o 


GC TC^495 

479 UE««IC-JJ 
IFCl^e.GT.l) GC TC '.U 
C-C 7C 494 

480 CCNTINUS 
49C CCMINUs 

C FPIM hi,C? 

GC TC 49^ 

494 ICsJJ-l 

495 CCMINU5 
TCAlLsTCnUlC 
KUCnCfCNj^LC 

)| 4 4 4 41 { i < 4 H' 4 4; 4 4 f ^ 4 S} V 


C.ANCELAtICN 

r p 

RrSrPVATIOv 



IF(CA,t5®5) 

GC 

1C 599 

CC 5?0 I’ULI 


IFsFP^ p^Y( ! ) 



IFdFcECcC) 

GC 

tC 5 9C . 

IS^PPdFiS ) 



IFttS.i€*3) 

GC 

TC 5 9C- 

IFUS.FG.O) 

GC 

Tr 5-9 C 

IF(PPUFt2K 

l€cl 

7 ) GC TO 520 

!FUS,l^r«2) 

GC 

T'C 535 ■ .■ 


lP>^»4S-Ih5Cltt#3) 

I F U FKo I S* e> GC to ! IS 

W1FM* S}«1 ■■ ■■■"'" " ■ , 

#S|FCC<LP,3)**-2 
'5X5 ' CCNTINUE ■ 
t, P't.5 ) ■€ 

TUKC€tfe7UJNCGV«4|,. 

'CD4TE*C!CATE4r- ■■ ■ ■ ’ ’ ' 

. GC.'TC 59n ■ ■■■ 

520 IFUS-*r<E«l» '-GO TO 540' '■■ 

8ETeKA<JX?=tF 1 

■,€C TC 580 

540 IF(t5«N£.2) GC tQ 59C - 
tp4 = J^SIKtC(LF»3) 
lF(PP(LP4» O GO TO 550 

FF(IF,4j=-2 

PCCPeKt JYi=lT 

JV=JY+I ^ ■ 

GC TC 560 

55C IPA»IF ■ . ' . - ' 

560 cCMTiNUI 

PST«f4A(jX)*LFA 
. ''tMlPAAS )“0 ' 

' >*'W1'lPr,4)e-2 , ■■ 

■ t,PCLPi#S)*-2''.' 



u u u u u 


^SI^EC( IPiS*'; )=-2 
/SUECUPf ,3) = -^* 

/SINECdPf 2) = IF5 
AsINEC{l?t5)=-f 
58C 7UNC^L=TtN!:^l + :. 

[41 

4X»JX41 
59C CCMIM'E 

RETE^A(1)=^^ 

P£T£^Al<^) = :3 
R£T8^A(? 

IKR*PET6NM;) 

■ PCC^EAf I MPk 
PCC^E^{‘ i) = " 

PCCPtN( 3 ) = jY- ] 

IKSsPCCPB!-; (3 ) - ■ 

599 CCMUUt 

■#4 ♦ 4 ^ 4 54 >! J} X 4 4 ^ ^ ❖ 4 4 1 i" 4* -'»•■ 4-7 


PESEPV/ST KK 


3*4*-43»**444i#43(44*4444t44'4444454 4 4'-4 5»A-1s45i>55! 4 54 4 4^ 4)1(4'4i4> 45|4i5ti|i 

lF(Efl.N€^U GC TO &Zt 


A?«C 

X2*o 

60« CCKTlNUe 

RCPP*U+R^CYXUX m3-. 

TNP*n'F4h'ef P - 
hfiRxsC' 

Rn*c ' •■ ' 

lF[Ch,tE.3r €C 1C 63C 

112“L2-11 

CC «lf , 

■ IA*I+5U ■ -■ ■ . ■ 

615 REAPAYn> = R8iRIYflAJ 

t21»H24i 

l23al3>Ll ■ - , - 

CO: 625 J*«L21,C<3 

625 RBAPAYn) = REAPAy<le) 

11* t 12 
'■3 - 12*122 
»<TP*l2 + 7 
630 M*624i . 

NftC*C-- 

KZ*5 

CC 6€C ^'2 

6pC*>PC4l 

CF^*^RC 

Fph*J 

R6*l*4P6CYYt 4Y)*«. 
KEREpafiN 
.|ll*K24l 
'K2aK2+r^£pEP '■ 

■ - .-:0e^6tO 'KK«R,l,K2''- V 







KRR=^f^S4I 

CElvsKK 

CR(NFR, 1 )=Kpr 
C^(^FR| 2 )=kPR 
ie!:=^tec4: 

If (UF,«S^';,G-f.,c ) GC 1C 65 

hFT*l 

CF(KFP,3) = 'j 
Cf'IftPRiit)*.! 

KFPSFC=^sp-t 
7SCF1G=TSC PTC4:, 

GC 1C 670 
650 = ] 

lF('Cf.,.LE*3 ) GC 6 61 

KRF = 5 

Kf»PCT8N6n) 

IFtKP.LTcp GC TC 661 

Mi* K 2+1 

C-C TC Ul 
IFtKZ-.GTaKM GC '• C iil 
CC 456 KRs^^,KK 
KK*PETBKa(Kf ) 

K2*«K2 + 1 
AeK=KN 
|K-CFX»0 ■ 
krp*kr • 

hsXti^o{mhfZ\^mh 

Ct It 66:a ■ : 

656 CcNTIKUf*' ' . 

66i AeN«^S!NC4a 
662' I.StpfCtC8F,2i«jl8K- 0 - . - 
ASX»<efeU8N, i }«4 
663 IKASfC^Ul^fiSNC-l 
CXt6RRt3 1=4 
CI'if.FRt4)s4EK 
CPUPP»5J*t 
. =1' 

y ,tes#*TeS'S4i 
tPS/»J 

|F(CK.C-1,3 1 GC fc£5 
REAP^YCTeSSTs^eN 
• GC Tt 669 
665 REApAYlKTR )sAeK 
Hf p=KTR4l 
669 CCKII^UF 

IFUXEEX, EQo2) GC TC 670 

AEK»ABN4J 
ASI^C*ficl^C4! 

67C ‘ CCNilfvUl 
680 CC^tlNOe 

lFCt^<,C-To3.H?=KTR-^ 

685 tEP^FnCKJ=iNFP 
. ^ l-F t>-'FT . E 0 tS P i'r- C 



u u u u 


If{C^•GT«3) C-C KJ 

L3*T{SA 

K3sl2 

lF(C)%N£aJ ) GC “C 6c« 
L1=TESS 

• 

GC TC 691 

686 IF{tii*NE«2) GC "C '?E 
12«T£SA 
K2=«>'l4L2-LI 
688 »‘3s:>'24l2-L ' 

691 CCNT;NUe 

lfCC^•Lc',3) GC C / GE 
IFlKM.lcoKRF) G'-' T' r;9-j 

LW»K»<-KFP 
MLWwMLW + tw 
U6AShC»ti>^SNC-lW 
IF^t^AS^C«LT« j )0^/'S'aC = 0 
695 CCMiNUS 

IF( hFCCf'S«€;«1 ) GC TC 765 


CCUeiE CRCSS MiTCf^lNG. 


44*4 4«#4*4 «4 4 4 .4* ^ 444 4444 

721 N5*TeCAF + I 

W6-TEC A F+ i AS iKC-T8CA P 1 72 

722 

lF(h6,Le,K5) GG to 7E8, 

■'■ • KtL«6-. ■ ■ 

KP-RCCMEMI3) 

CC '76t 'K»^4 nS,N6:', ' ■ . - 
MIlaKN 

lF(£A»l5»3t GC TO 745 
IF{KF,LT*6> GO TO 745 
IFlJClUGt«Kf ) Cc TO 745 
flfti^FCC^BMKU) 

Kt.t*KLL + l 

145 1F(><F(NFI,5) ,pC. 1.) GC T 
. ^Rl=^P^+l 

IF(^pl«GT.^SINc) C-O TC 
GC TC 745 
752 ^R=^^(NRU2) 

JS=^^(NF1,51 

763 ^P3 = ^'P( Lpsf ) 

JR.FF(LP,3) 
jC*hP-'NPT 
IF( JC.lT.fvCCXCP) m TO 766 
IF(jS.nE.I) GC TO 76T 
IFTJF.NS^.l'r GC ’0.766 

764 JsFl*KR3 
■ ■ KT4lfl.-rl ■ 

.,fCF2*8K<KT»2J,... - 
.V iFUPl.hE^NPZ)/ . GO'- T0''-76 


GC' TC'7*'^ 


GO' .TO'-' 765 





: irion nr»o . , . r> n r» mrt n-« r> 


^P3 = ^^'{^<Tr5) 

IFCKF3»e(;«2) CG TC 1<5 

GC TC 76^^ 

765 NB2»LR 

KPth Pi, S) = 2 - 

5>* 2 

' «SlKEC(hRl»3) = ?-B' ' 

^SIhEC{KP3,2 ) = ^R V 

LP»U + l 

■TEC^F='^fCAp4l ■. 

.KX»KX4?. 

C-C TC 767 

766 lRl«tP4l 
tP»LFi 

IF{IR.GT,ASINC.) GO "C 7S3 ' 

GC TG 763 

767 CC^T1^UE 

788 IF(KX.Nf*0} C-C 1C 769 
hK»jCOO 

C PRIM ' l^2,C^f^?-»Ke*lP,ASlNC«lBCAP,TP^A,^^ 

785 CCNTIKUS 

443|!%4#1< 4^44 444444444444 444444:i 4^4#4 4444444444444i444>#4>^i6##4t 

UPCATING AKC STATISTICS ' ' 

%s|if 4'44'4'4 44 4-4 44 44 4 j 44>^-4 4 *4* *44»*44.4*4*4'4444»*i4s>##f4^*'4|ii:ii!ijNl'4N>;!^*4* 
#'•••'•*•« o 0 * ^’il .-o* « s *«• 0 '«-« *■*«« « o o « a'* <• 4*0' ' 

^ WASTE ■CALGULATICK : ;■'-■.■■•• 

-■’• 0.0 0 *0* • 0 • 0»0 0 a 4 » *0 0.0 • 00 *»'**•. ... '■'(.•,■■■■. 

uAmik ' ■ -'i ., ■■'./'V.v ■■ 

DC BIO i'A»l fT^%fCT7 /O''; ■.\ ., o v' 7:'^ '•■ .' '. , : 

' -WA-HtUA,?). . -■'■•''■ ■■■■■■■,■■'. ‘■■7 „'■ ■ ■ ■ ;■.•■■• 

IFtKi.LTaP) ..-gC TC SJO • :■■,■- ^ ;3;vV:.;'.C'r:r 

Kg»PMIA,fi • - ■ ■ . -S' .vM3::3 \.0" 

IFCKE-Gf.gj '-GC-TCSO'-S ' 'v;;.;. . V' •' 

c®ftTf»ccATe+i " ■:•■' 

^■■U«^SftC=UNASNC-3 

^F<t^AS^C»LT,CJ U^ASKC=0 " . '."■.■i " 

.,v'V0''t4CWaT5GW4l . 

PM 1A,5 )=0 ■ 

805 i4«lA4l 
810 CCNTINU'E 

82C CCMlNUe ' ' -.'3- ■ 

IFdCLECTaGTaSCO J 'GC -TO 555 .vO- 

Ac-e uFCATiwc- . ' ■ •/.■■ 

CC £35 l = lfTCL£CT ' ■ - ' O' 

835 PN-(J,.2]*PH<li.2 3+i • ; 

m #'# W ## 9.9 9 9 •*-« 9'-4MR' P.^kOt' 

. STATISTICS PRiNTItsC-' ., .. . 

'l|999-#4i ♦#««*♦♦♦♦# ■* # « 9 .t .9 9 # • « 9 • -* 

'v. 3 ; iSP*;iSP4UNASKC 




non 


i^VI^VP*tSE/C^. 

C PRIM H'J,CN,COLECT ,1CL*^C7* TwOrHRRjjEC 176 $4 f A S I ND ,TlNC/> L iT BCAp'tTS 
C lCfiTG»TCi!Ll,TCf^Cs-SCnn = j TUKC CW . TC NIG U f T /f Gift, L X »N 1 LK fUNASNC 

CN«CK+1 

^F(C^•LS»30> GG TC 550 
PRIM ll,C,(C5^A^■:CI ), |-^i,3C) 

PRIRT n),{JNTAKc(T 3 ;;) 

PRIM U.0, {NUCALl?! )ii-if3rr 

AWSTEsCCATE 
AVecFPsTPC/TKP 

SCRTPsPlf, Ain •• G )/Pl C iT (TE : ) ^iCa's 
wsSTRC'AVv-iSTE/FL: n( iEi:)« , 

W SS T P C a .« k « s !■ S / F L 5 i r { T C 1 3 C “ ) ^ C C . 

CALL F=FtC'!)T (TC/L L )/FLC^T( ">35 M ^ 
iPC4LF=FLG -^T (7 CilG 5) /F L7N7f T'\:iLL >. 

UNRESP»f LCAT {■"LK'I il) / FIQ vr (t 53 « ) STCC ^ 

U € F F I ( F L C a T ( T a 5 -A ) - F I n 4 f A s N : > ) / F L n M ( T 8 S A ) * 1 C C 

PPlM. 1’* -itSIMROs AVSCFP, SORT ■■ » VtT S7PC , V>A 5 7PC , CA LLP , yWCALP ,UKReSP,ft'V 
llRVF,AWASTS,tEFF •^^ 

$I»*KC*S iRNG4l,, 

^CCCC^=^CCCCV-I 
IFUCCCC^^oG^•3 1 GO TG 1 2 
KF0CI'S*R‘FOGHS4 1 
IXX«1XX+1 

iFt RfCC«S« SCv2 )PFIM 1.0s 
|F(RFCCl»S,FC*?) Gri TO 123 



$ieF 7 C RRCXX 

FUNCTION RMCYXXX) 
INTgGSR A,XX 
CAT A A/1862TT/ 
XX«-A#XX ' ■ 

IY»XX 

RnCYX«AY/34355T3E628« 

RETtPR 


flEfTC SNCYY 

;• i flwctioa rf^cyy(ty) 

' ■:V"'IXEG6R ?,VY 

. CAT A 8/13628 5/ ■ ■ 

VV»E4YY 

EY»YY 

FKCVY»BY/2435S73L€39* 

RETL'PK 

EhC 

SIBFTC RRCvV 

FUNCTION RNCVVIVV) 
INTEGER C,XV 
CATA C/laf. 2 S 3 / 

' VV*C?JV¥ 

■ C1P“,VV ■ 

■ RFe0yv*CY/3435S73c63a^. 



RETURN 



ENC 

$ieF7C FNCYW 

FU^CTIC^ RNCYWCWW) 

IMEGER C,Vih 

WV*=C=>1«W 

CY«VtK 

P KC Y DY / 2 ^ 3 £ 9 1 3 ' £ 3® 

PITOPN 

ei^c 

flEFTC RNCYZ 

FtNC^C^ RKCYZCZZ) 

IMEC-SR E,ZZ 

£/;'3'-3G9/ 

zz=e>Jzz 

EY«ZZ 

PKCY2aFY/3^35913c63n .. 

RETURN 

END 

SIBFTC IKR#NC 

SUePCUTi^E 

INTgCER /5X,/Y,4Vf^« ,2Z 

ccnncn /a/ n, 

IFtNRN.EC,!) GC TC 5C 
ec TC 6Q 

50-''^X*U750920l€i ■ - 

/ly*27S9^0e4251 
' #V«10T9695m'1- -'' . 

1»!»S6(}22751« 

6C RM=PNO¥Xcixr 
6C RM»PNOYX(ilX) * i 

' ■ RN2*RNeYYt AY)?'- - 
PNS*.RN‘CYV(jiv'i ' 

PK4*liNcYHC A« > 

FN5«RNEYZCi»Z I 
hhN«hhN4!. 

RETURN V '''^' 

fENTRY " 


1 



onoooonrjoo 


$JC8 F£G3 /1»T l?'ECC8tP£GE$ClC*Nj»H’E EhEKKi'? £] 


a^pik’: i x*« ri 


C> 

fVJBLt'#TICK CF SThATEGIES 
CCFFLTER P/>CK6fH WITH 


FGF .>e MAN AGE F ENT cFREGIGNAL BlCCC- CEIfTftt 
: E/'V RESERVATION HCLOXKe PEPICO 


I^TEC£R CRf^C^G) 
ciPEf'SiCF 


H 7 S G E R 
|NT EGtR 
IMEGER 
INTEGER 


UNASN'Gf 
ihT&K E ( 
TCIEC'^ 

R AEN ( <E = 


) 


NtjCCAI'c ? 
• ■•" E Hi.: ( 1 


a 


vCGW,TCMC-K$TAGW 


89 

92 

93 


/,RDCNHN,{EC') ■ ' 

INTEGER CKjCPKj CcNj FPNj FGNs FfiN, AENjCCL ECT,RM ■ 

INTEGER TESA»7P'afTSTTTV>ASTE ‘ . V- 

INTrgEP ■ ■^EttTNP^TSnsiC-sTGALltTtMCALjKNUSe, TBCAF 

INTEGER FfirCURl X 7 )f ISTI 21 ) : 

INTGGfR NNI93C, E ),ASlME£{t<Ci3),DN(5C,S) 

INTEGER CEnAI «0)fC8Ne(6C),c8NCC SO) ,CEN ^ 

INTgC-eR AX,AY|AV,AW ♦«! • 

CCNP-CN /A/AX, AY».5V, AW.AZ . ‘ ■•• ' '■•••. 

FCRNiiTtJHQttNG CCUELc CROSS XAIW^IqIS) 

FCRFAT{IH0,2IH) 


FCtFATI I5X, 10 ! O 




? ; 


94 

FCRFiTUFC,* CfMfNC 

CAY 

NC 

lFeNA,SX,<STA?US*} 



95 

FCPFATI 1H0,4CIRANC 

LIST 

QF 

96 

FcRF<T(IHO,4ASlNtO 

CAY 

NO 

97 

FCRFAtCIHO,* AS i'NED 

LIST 

96 

FcRFATMFQflOlS) 



LOO 

fcrpatuho,ici 30) 




THE 

, 16 f 

CF THE 


CA3r #,/«2X»5JW|i 

.... 

*r/<30Xt3IlC)) 


101 




l,6X,tSNFN*,5X>^CNSTATi:S+,/< 5 2X,5I1C) 1 
105 FC»#«At(!X,« 

FCftNATUM ,WXf*FE£UlTS N|tN SIkGLE CrOSS 
FCRXAT<///,i4X,*F£SULTS \,7 7H DCOSLE CROSS 
FCRMATI EX, 1E38 ) 

FCRNAT(£X,2CI6 ) 








108 

i09 

w 

115 

120 

122 

l2£ 


PEN* , 7 Xf ♦ AOf ♦ 96 ^ 

Fa ich # 1 " 

PATCH,! OAV HOLD**//l 


FCPPAK 1hD,lAX,EfE^.?,2F?^G,F6,2) 
FCRNATi 15X,%o CCOELE CROSS >ATCh 
FGFPAT(£X, 30 IA ) 

' IXX=C 

PRINT lOe 

NFCCPS»7 ' ■ 

122 CCNTINUE 
S'iFNC«12-, ■ 

SIPNC=1. 

N0»1A 

124 CCNTINUE . 

:>NN'«r- ■■■■•ilr;: 

CAtC INRANCINNN) '■ O-?:':- 


r --7 


■7 ^'3 




CN, D;AY;..:NO:'..**^0-i4> 




j.' 



ic cc r = 

.FFCClPcl) = 0 
2 ; ISTtl)=C 

CC 2 ! I= 1 , 5 C 

cMi,n=-i 

-Cf'UH)*-! 

CKtl 

35 CCMINUE 

CC 45 Iai, 4 C 
CRe^(^)=-I 
MCiLG( I )--1 

1F(S1^^C.GT«^4. ) ;^"AKE(1 ) = -l 

CE^/SfC* I )*-l 
CEN*(l)»-l 
ce^E {|}*>i 
cef^cu)=-! 

F4BK«l)=“l 
45 RCCf'£N< 1 )s «1 
Cr £f l«J,?QO 

6s i6SI^ec( !,2 )=-: 
tt 15 I»1,-90C' 

75 ^dlf 5 )a-l ■ ' ' ■ 

TEC=^ 

,7^P=C 

TSC?f*TG«o- ; : ■' 

T C/l t 'fe *0 ‘ 

TUNC'll«Q ' . ■ ■ • ^ 

TCNUS£»C ; 

T80/iF*0 ■ 

7 € TCLEeT *0 
AS|#fe*d 
‘ c.C;Ht 7«0 
tOWCCw^C 
TCKLC-V ,=:0 
lAGfe=0 
K 2 =C 

U^4S^C=C 

TES/=C 

^^=:C 

LF*0 ■ 

tc=o 

.757=0 ; 

s FPhaJ 

1 KCC»«*Q 



c 

c 

c 


c 

c 

c 


ISP=C 

CK/2 )^! 

1 IF(UCON« EC«(-n ) GC To SO . 

4 ^ < J( sS < ^ * 4 j» < 4 si , ^ ^ ^ i ^ 4 ^ jji* * * ii 4 * j| * S| j| j|j* 5|j| ; 

IMTI^L . STCCKING '^r-'-;' 

444 !|* 4«4444 4444 444 ‘ 4444444 ^ 44 - 44 ;% 4 : 4 ««««' 43 » 4'4 444 « 

C'C 5 I«-15» 21 ' ■ 

5 lSl(i)*c ■ \'r 

CC 3C L*l,n ■ -V' V'-O--::;- VT ;■/ 

K»ie-i .■.'■ -■■■ '■■■■- '. :•;. ■ '■- 

ISTtK )=F^CYX (/X ) ^ ■ ’, 

u»isi{K ) 

IF<U*€C*C ) GC TG 3 , :' , 

^3»^44t 
l5 ^4*^^4T^ 

CC 2t !=^3,^^ ' 

PeN»I 

PPCFEhfS }»c . ■ . -‘ ■ ■': 

20 ccNtiNuc ' . ' ' / .v;::."':":’ 

30 CCNTI^ue .••: 

IKCN=-1 ■ ■,■;•.•.■■ ^■^■■ 

TST*TST4^4. ■ ;:•, 

■ CKilSKCeUNASND+M .,, . 3. Vw- ' '.'■•V.,': 



FPC/CtPIWeNT 


IFnxx*KE«CJ .C-C TC '3'4' 

) - GO. TC 34 

REAC 33 ,tlP 7 &KF (ll, Jal, 3 d> 

33 FCRP#T{20»4) 

34 CCN7INUE 
50 ccp'^i^ue 

LF-CP/3 

;:i C0lfcT=P^■^YX■(AX)•1=■?, 

0■■^■i■r1tXXe^E«C) Q£ -^r :1 

TF(SIKKC^£C«?3,) ■NT4KE(CMaCCLSCT 
37 CChTlhUI 

I F < S 1 PN C . t £ . 24 *) cots Cl*! NT AK'BC tm 
IF(CCieCTaE€s»01CCl &C1*1 
FPCClR{i)=COLECT 
IMAKECCM^CCLFCT : 

36,K3«K441 •■'■,■■■ 

K4=H44CCLECT 

Cr 40 I®»<3tK4' , .. 

FEP«I'' 

KPCI» 2 }^i 
;■ >Pfjt3JsG 

'4« ' CONtjKUE . . '■•• 





u u u 


41 7CtECT»K^ 

TST^TST^CCLEcT 
tfv/iSNC=UN«SK C4CCl. IC" 

JX*fc 

JY=f . - 

■pcTLFh CF CAILEC 111 UytSEC BCTTiE* * ■ : - 

, lFCCf.,LEo4) GC "O ?K *' ■ ' ■ -,,■ "■'' -■ 

BR=hLCAlCfC?'--3) , "M:"'"." 

hC8F-PNGVV( AV )4E'' 

, lXa^C8R ■ ■ . •" '"1' 

lYaC .'-V,,. V,.-'.- C 

I FU’XsEC.-’; ) Gi;- 'T ' ■'‘."■ 

lF(|KC,EG«:i ) GC 1— 

1F('UC,EC*2 ) C'C Tr .• . ' • . 

IY=CENC{3 )-5 
IF(lY,Lr,n) GC TC 6GC 
lMtX,GT,lY)lX = LY 
CC €2C; JU = ULx 
PE^»CE^C UL45) 

PRtRENf5)=C 

>RCRiK#4)*C 

lF(F>{RE'hj2)^LE« 1.7 ) GOTO !'■« 

TCNU€WatCNUG*+l 

CCiTF-CrATF-*! 

GC TC 6 20 .. /; v'; ' 

615 gKASK€*UN« SKt+1 
RAtMJXjaPE^' 

JX*JX4l >,/ 

62C CCWtlWi ■ ■■ ■' 

GC tC^7C0 .. .- 

63C IY*CEKS(3)-S 

iF(LYete«o) 6C TC 5Sc .,. 

IFiLKe6T*LYILX=LY 
CC 640 JV»j,LX 
fli|tft'WA{JV45) 

' " |l««<RENt3 )aC 
MM-fRENt ^ 

lMRf'(REGj 3 ULf. 1?) GO TO 6?S 
M*(F0N,£)=O 

TcRtGK»TCNUCV<4| 

CCATF=0C^T£4l 

C-C TG 6^0 . , ■ - , '■■' - 

635 l.^AS^C=L^AS^C4,l , , 

BAE^^JX)=PEN 

JxaJX4l 

640 CC^Tl^Ue 

■ GC TC 70C .. . ■ - 'T ■ '■ ^""0 

■650 lYaCSfveCS >-5 .'T'- '' ;■.;■•" 

.IFCiy*L£oO) GC 1C-6SC'-. 

^ ■ .1FMX^GT.lY)LX*iy ■ . V.'r-iO^r 

:' 660 JWa.iftX . ■ ■:•'•;; ■ . 



P8K-reNe( JK+n 
^^iP8^.3)ar 

fN ) = G 

IF(^MPP^^ :? ) oi t, 17 ) GO '!■': <''■ 

hVCPEhf 3 )=G 

TCMGV^^lCKuGw-H 

CC/H-£=rL fTF4i 
C-C TC 6iil 

655 l.^AS^CfcL^/.S^C^l 
P^E^(JX) = FE^ 

JX=JX4? 

PK PEN* !: ) = -:• 

660 CCKTlM't 
GC TC . 

690 CCMiMJC 
C FPIM ^95tC^,^^: 

695 FCPP<fT{3F RIURk IF CfLlCD 

IFUV^lfc.,"-) C-C ?C8 
700 7C^LS£=KMSE4tX 
705 R#EP{I)=JX-1 
R/SEMl) = nN 
R^E^ {4) = 3 
• LKPaP4BPt?l 
710 CCM|NUF 

IF(CK.fC^l) . GC TO 29C 

IKaS 

LCaC 

IKK=IZ 45 ' ■ ' . ■ - ■-■■■ ' 

ce-28ci- I=6tIE ■ 

IXXfcPNCYZ in\ 

EXX=FNDYViOW) ■ 1'. 

IF<A>X*lt«8XX) GC TC 278 ' . 

lC«lCTl ■ , ■ ■ ■ .. 3 /''' 

lFM«Ee*IZ> LKK = LC + 5 
LFHaXPtcS^* S 1 
IFdFFsECol ) GO TC 250 
IF(lFh^N€o2) GC TC 279 

‘3 ..■-.-,■4 ' { C Efv', ? ) 

GC TC 2-50 

"*v"-4-i;.:a#!«fC'CCFf^t3 )=c 
pp(ce ^,^^}=-2 

pp(f<4s»^ )*'-2 

IF(CEK„LT«KAS) GC TC 23c 

Fn(CEGt~)=I 

CEN=I<4S 

Gc-ic 250 ■■■■>: 

23C PN(K.«S,5 1=^1 
25C P.rMC£li,5) = 3 
255 LK«LK4l 

IF(i^UEC«l^ GGTC'GfO- 
. IFtlh-CFC#?) GC TC $70 ' .. , 

C•6^■€^LK,)=CE^ -O-.-O-.f-;:-- 

tff.tT^tKKl GC -TOcjBO . I ..■■O^vr:. ;■ 


emi ICS 


' ■ i 



. CN 



D,aY NO — *tlOI6> 



CeNCJ2) = lNC 
CP^C(3) = L)<K 

Gc 7r 

26C Ce^^UK) = CP^ 

IFtLKalToLKK) GC TO 260 
267 CEN4 (i) = C\' 

CEF^(2) = :nC . ' 

C6^^^^') = lKK ■ ^ 'S;- 

■ Qt rC 90 

270 ceiNieiLK ce^ ■ 

!F{lK»lT^.LKK ) GC '"0 560 

271 Ce^E{U = l:^ V 

CENE<::) = INC ' . ■ ''' ' 

c€^E{2)=LKK ; . ■' "■ , ■■ 

IF< i,EC»!Z ) GC : OO : 

276 JF(I.lT,!Z) Gf. ; -c ■ ' , 

IFdC.EG.O) GC " r H . 

IKK»IC40 

GC TC <267,27?,2r/ )» i^C 'V.'-'- , ' 

279 ic=Lc-i 

280 CCMiMtF • . 

■ 290 CZmiWb 

C ■ FPIM 29 5,CK 

295 FC8^^T(1H0,* HZ F-CTTLE C/^LLcG GN ri^V NLFBER 4>flOl6) 

300 FCR^dt'SX,20I4t/) . 

90 CCMIMJE’ ■ ‘ \ •. . •■■■ 

7C4lUTCAtl.4tC / ' 

, NuC4it<iNJs!tc ■ ■ ■ ■ ^ ■vv^7-:.'v ^ 

C CAPfCei#!* ScSERVATiON V :■■'■. :■ -7 . v 

** ' ■ !F^C^•EGol)GC TG 600- ", “ 7 

DC 590 1 = 6, !Z , ./'■ 7-.' : 

LF.DFeNd I' ' ■ ■ . ■G-;' 

LS«Ff'lLPf5) ■••'■: ■;•■■ 

!tF<tS.,EC®Q> -GC TC >9C ■' 'T 

IF(LS.EC,3) GC TG g 9C 
IF(FF(lF,2).LEa7 ) GG TO 52G 
- 1FU-S«^E«2) Gt -^C 51* 

tO>^*ASIK6C{lF, ' ) 

" IfWi** I - GC TC CIS 

^Sl^tCtlFf'»3)=-2 
^SUfCdP, 1)=-2 
5i5 CCKTiNUF 
■ FF( IF,5)=0 ■ 

Tl^CGW=TUNcGW+a C - - -T 

CC-4TE=0CATE + i 

GO 10 59n ’■ - . . 

52 C 1 F { -I S • k E * 1 ) ■ GC IG ■ 5 4C ■ ' ^ ■: ■'"■■ 

Meh(jx)=LF ■ 

. f'KtiFjSJ’C 

'■ ) = -2 ■.■''./Tc /, '- 

. ,6t-TC- 580 ■ '"C- 

> 540 lFitS«NE»2) -GC TG'SCC--, C'r 
lFA«;AS.|KSpMtf3-|, ' 



GC ■^O 5 5C 


C 

c 

c 


■ IF(^^(LF^-J 5 ) ,L% : ) 

) = vN(LF,^ ) 

NN ( LF,A )=-2 
N^(LF,:)=; 

RCCf'EN(vlY}*lF 
jy=jV4l 
GC 7C n6G 
550 IFA«LF 
560 CCNtIMUE 

PA8h( JX)~LFA 
LFiS* 3 )aO 
RXLFi!,-^ )=-2 
NX I FAj =')=*< 

4 S!^^-^:( ) = -:- 

ASINEDC LF/, 2 )=-:’ 

/!sINSCUP»F)=lfa 

ASIN8C(LF77>=-2 
58c TUNC«L«TUNCdL43 
UN4ShC«lN,5SM4:' 

JX=JX4l 

£90 ccnt: ^Uf 
paexi )=CN 

fi«seNn) = jx-i 
LKR=R/saK(2) 

PccNeN(n=CK 

FCCKEKf^)aT 
RCCNeN(3 I*=4Y-i 
tRS»RCGNeNn} 

600 GPXIMJE 

IF(CN.NE,U C-C IC 56 

C£ RAK'D', ■ ,. . . - - _ •...■ 

4 t!| 444 .:rt 4 i 4*444 '44 44 






5 5 


'«,.t 


c 

c 

c 


N?»G ■ ■ 

K”an 

CCNlINUE 

KCPR=|.4RKCYX{ AM )4 33, 
7^MtKfP4^CFR 
erpftao ■ 

I^W 2 +l 
K2«h<4KCPR 
KRC»C 
KZ*S 

! 2 a 6 

rC eo J=Nl»K 2 

NRC*NPC4|. 

i;PN»>RC 

ffk=j 

Phe 1 ,+PKr yv( 

4444444444444444444 

ON ENTITY 

444444444*44444444444444444 

NERBP^RN - 

■' ■Ki*l< 24 l' ^ - ^o': 

60 :K2#K2+Ne.RsP ■ : ,'C'C 


-S?; 

- ■■ ■’ ■ • ■,, .. 4' ’•'i-aa - 

4 44 44 4444*4444-444-»44(4»4#»i»4i4444'#»4*t,444*«*.«4«»#4 

. ■ ■ " ■' ' - ■ ':f 5 ip 




rC ?€ KK=K1,KS 

g ^ ^ p p 3 J ( i? P 4 1 

CcNsHK 

CKC.NHR, t ) =KFE 
Cf-t hRR, 2 ) = \PF 

TEC=*TE04^ - '. 

IFILn'^SKC.C-ToO) Ct 7C S£ 

C ■ SHC-ftTAGE . \-'U::', 

c 4444444444^ 4 4 4 4 4 4 4 4444 4 4 44 4 444 44444<4i44 4 44 4444«44444444444444444«44«4i||444i4 

C^Upr,3)=0 • ■■'■“ ■^' ■ ";''''V:;:^ "■ ■-:■■■“:;■■■ 

CN(M;pf^)=0 . 

^^'{^PR,': )s>0 .. 

TSCRlG = TS':RTC4i ’ / 

GC TC 7'^ 

C . 44ij 44 44444444444 4 44 4 ^4 4 i 4 4 4 4 4 ^ 4 4 444 44444 444*44*444 44*#*ttil-*#*.*4* 

C ^SSiG^^E^'T 'cM«?V 

C 444 4 444444 444 44 444 44444 444 444 4 44 444444444 44444444-444i«'4c444444444t#4t##4#4^lt 

66 INCEX*!- • ;■ S---''''" 

■ IF(c^o6C.n gc 

KPf = ^ ^ ■;■ •; V 

KKap^EKC'i) ' :>■■-.■•<.„■ 

IFtXf'*'lT«6| GC EC jn ^ CV-E e:,: - 

K«=KZ+l 

|F(K4,GT«KH) CC TC 167 
IF{K2.C-t,KM) GC TC 167 
CC 67 KR=NA, KV 

K|S*P/58N(KR) ■■' ■ •■ ■ . E-:'E^r-- 

KZ*XZ41 

2).GT4ll) GC TG 6l 

^e^=K^ 
lNCtX*=0 ' 

KRP*KR 

>SI‘KEd(A8!W5'>=^' 

ASIhECf.8BN,2)s=<E’e»s 
GC TC 167 

67 CCMiNUE 
l'6;7 A8^■•s^SI^C4l 

ii.S ASlf?€C'(C8N>2)-«EE. 

' AStKeC'cCSKt? >=J 
14'l C“! 

tFtK(IZ)=8EN- 


69 


IF.(UNAShCaT^G)UKAcMCsG 
8SUEC<CeN#2) = 88N 
CyCKFRtai-J 
rW(^PR,4 )aAEh 
Cf'lNFR,?)'! • 

KMMt?N,6)-V 

FR(AEN,3)=J 

T£S^-TeSA4! 

|Z=IZ+t 

7FS^«J.' 

CC^T1^U€ 

If t I'KDEXoECoGl ■ , GO--tt 70 
i'EK'S-A-BN'+j; ■ ”' 
AStKC=AsI7iC4r 



7C CCNTINUE 
00 CCMIfiUf 
CRe^(I)«c^ 

CR8^(3^*IZ . 

CR8^(2)a6 
CfMlNCtCKJsM^F 
lfi€-K*gC*l) GC TG 1*4 
l-rt'lfljitT.KPF ) ■ GC TO 3 34 
iW*K»f“KPF ■ . 

'Wtt«=NTtW4ll» ■ ' ■ .. 

^ ;IF(l■^AS^C•LT,0 ■)G^.3S^CaO 

134 CCNl iNUG 

1F(^FDCP^>«EC«1 ) GC TC 7S9 - • ' ' , 

C ♦<'!*♦* ♦*♦*44 4 44 4**4**«44**4**4**********4*s|i|.#'4'* 

C tCUeiE CROSS V^TOiMG 

C *******4*44 444 44 4*44 444 4 4*4v4i=4*4 4^4 444 44 )|«4>444**4**444**4*44444**«*4i«**# 

' 721 h5*TtCAF + |. ;■■>; 

KX*0 

K6»TEC/SF + ( AS INC-TECfiP )/2 

722 

lfW4ti,N5j GO TC 7 €8 

Klt*€ 

1(P*RCCKeKf2) 

CC 767 KN*^5»^/^ 

NR1*KN 

17(Ch..t5.li GC 'TO 7-4f 
IF(KP»LT«6) GC TC 745 
If^lKlL*GT,Kp) C-C TO 145 
KRl*PCC^8f^<'<l-t) 

KlL«Klt4l 

745 IFf-Wf^Rlt§l-..6C,l ) GC TC 75-2- 

^Rl*^Rl4l , • 

IF(l^P1.6t*ASJM:i €0 70 768 
GC TC 745 
753 ^R*RRINRi,27 
JSaRRlHRUS) 

--■ T63 

JI-PRdRjS) 

. JCaKR-Np3 

1F(JC«IT«KC3 GC tC 766 
'1F( JS.NC*'!)' ■ GC TO 767, 

JF(WReK.E«IJ GC TC-7er ■ 

76A NFI»nR3 . ' 

HTalR-l" ■■' ' i ;i' 

NF2*FRs{KT,2) '■ : ■ 

iF(^Fl,^e.^■F2^■ - GC T,Q.'765-'- - ..- 

^P3a^V(KT^5) ■■ ■: -xJV 

iF(KF3.EQ,21 ■ ^GC TC-765 
IR»IF-1 - '■ ■■•'!..■ ■ ■■ ■ .. 

GC TC 764 ' r - ",,.A ,■■ ..t: 

765 ■NR2»LS, ; 

, ..■■■■■ ■ , 41 (7tF2s . 

■ ' ■; -■ ' FN NR2,4J*'Kf'.,lNR.l '0r ■ ;;: 



^SIKrC(KR2'»S ) = ^S . 

LR*Lfi + l 
TBDi»P*»TEC#P + l 
KXsKX+i 
■'G'C-'TC'.TST' 

766 ' tt ^ |y I ■ - ■ ■ ' 

■ lF|Lli•GT.A5!^C) GC 1C ?€S 
- CC TC 763 

767 CGNtlNUt 

:7te -iFinx^NS,*;:) GC tc 73 s ■ 

^^=:KCO 


789 cC^TiNUE 

C *■ mm <^mmmm^'mm-m-m-mmmmmmm»^ mm mm mm mmmmmmm^'^^ mm mm mm, mm mm mm mm mm mm^ mm mmmmmmmm m m mm mmm m mmm ^ m m mtm'mmmm 

C TCT41 hASTf CALCULyeiior. 

^ ^ mmmmmmmmmmmmmmmmmmmmmmimmmmmmmmmmmmmmmmmmmmtmrnmm.mmmmimm^ mmmmmm mmmmmm mmmmmmtmmmmm^^^^^"^^^ mmmmmmmm-mm mm mm mm ^ mm m^mm, mm mm m m li h * 


IFtTCLFCT«GT t9C0 ) GC TO ICC^: 

CC '& = ! , TCl3f-6> 

IF(Kje,tT»I8) GC TC ?CC 
IF(H?»(t4,5)o.C-G..O ) GC TO . 

CC6TE-0!'ATE4i , ' . 

UNfiSNC-UN-9SNr-3 

IFttfrASKCi.LT,0 3 UNAcKC^O '. C 

tiSGV«aT^GW+I '-<>■ 

Ff<{ IjS »5 )'®G - ' . 

■' 485' U*tX4l >■' 

■, 43lO'4«^lNtJE 

■500 CC MINUS . 

. 'CC- 91 ■IT = 1»T'CLEC7' ' ■ '■• 


c 

c 

c 


c 

c 


91 P|i.(lT»2)«f*M(iT»2) + \ 

:| sji :» 4 ♦ ♦ 4 ♦ « 4 4 T 4 T ^ 4 sj ^ 4 * 5f! :X * 4 * 4 >> sX 4= ♦ 4 ♦ t * 4 ♦ 4 

FFINTIkG' results . 

44444444444 #*4444 #4444 4 4445X44*4444 44 44444; 

■ LSP = lSP + U;^ASNC.., 

AVI N V Fa L S p / C N . ; - ■ . V--:iK ? > ' ; 

. PHIHT -1 1 ; , c ^ , c C L eCT , 1 CL get ,T{f jp' ,NRR', T8C t TBSA , A 


l&ftTG»tCAl.l,TCNU^ 
CNsCNTl 

IF{xN'.Lt--2T) -GC 'TC 
AWASTfaCCATE 


• , CO A 1 E» TUN C GWVTCMUGW , T AGw» L X, 





AVeCFP^TBC/TNP C ■ 

scrtp=flcat<t Scr 't g ) / f I c a t i ' 

W*.STFC = AWASTg/FLC'ATC.TECr*IM^ 
WAST3C=fWASTe/FLGATt TCLsCTUieC. 
CAUFaFLCAT(TCALl)/EtG AT ( t B S A ) « 1 00 * C ' ; 



0 NC A L P= F L C AT ( 1 CNL S S I / F LQ A t < t C A L L 1* 1004 
I N R E S Pa F L Q AT { T L N C AD / f L0A T ( T ESA I C £* ^ 

C EFf i N.a { FLC AT{ T8 SA )-FLrA7 < AS INCn/FLfeA7.tTB.5A:jX!l-|j|^^.„ . , 
PRIM- I ? 1 , S I N N C *A va'CP P.t 'SC St P , i»ASTi*'|,*:A,tt A:C 
llKVFfAWASTg^iEFFlN' ■ , ' 

'Sl#^C*SiyNC4 J. 

' "KCie.NX-l ' ■ . 

-CI,F(A5UGE,3I. ' C-G. .TO- 


. ^Vv' ^ 



^FCCf'S«^F.CC^S4l 

IXX*JXX4| 

I F i mCH S 'a E C « 2 ) P P 1 IQS 

^F^^FCC^^S•EC•2) GC 7C 12^ 

ICOC STCF 
EK& ■ 

sieftc -tKCYx . 

RNCYX'(XX> 

-.4,XX 

VAtaiJfX ■ 

RNCvX»AY/243 '913PA38.. 

; RETL-FN 

titfTC RKtVV 

F^i^CTK^ PNCYVc'iY) 

INTEGER 8,YV 

fi/l26?€5/ 

VY*E=«YY 

EYsTT 

RKCYY«BY/3a 2 pSTSf £33, 

RETU^' 

EKC 

SlfiFTC PKCYV 

FUKCTiCK RNCYV(VV) 

IhTEGER C*VV 
CAT 4 C/I3€2$a/ 

, 2., - , YV*C=»VV 

r - 

BNCTV=CY/3^25S13€623, 

RETtFN 

■ EKC ■ ■ 

SIBFTC RNCVW 

FUNCTICN PNCYKCWW} 

INTEGER CfWK ' 
c/TA - C/1 a'fc Sol/' 

;;■ VWaC Jllftif ' '' 

', """ fjR'CTrV»»C-Y/343 5gl3E£2B. 

' FETIFN 
EK-r 

$IEFTC RPCVZ 

FUNCliCN FKC.YZI2Z) 
vfaEGcB E,ZZ . - ■ : ' 

[blfi E/ic€2G3/ 

ZZ=£-ZZ 

Ey*2 2. V. 

RNCYZ»f-Y/3^35GT3£458.i '' 

FcTLRn ■ 

gpc 

■ ilEFTC iNRANC ■ 

sveReuT'iNE INF ANc CNR'M ■■ 

' nn G£ F > A X , i Y * A V Z ■ ^ ^ -:\rv;" 

. /A/A'X,AYfAV«/B -iMrA 

. F E C« 1 1 GG TO; 5C ■ 



Gr TC 60 


50 ^X»n750'920l€l 


i>V*2759^ii84H7 
;5V« 1079^921211 
Ah'»1766980-ffei 

n»smt2T^i^'- " 

60 PtylaRKCYXW) 
RN^lfcRfrOYYtiSY) 

■;: PKtS'f^'fVMVl'- 

SN4«pNovwtiif) 

: PN$=RNDYZ<A7 ) 

Kf^KNW41 

l?£TURK 


^m%0- 




